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New data and better theory build a foundation for 
high-performance reactors and radiation applications. 
NUCLEONICS reports latest advances — in metals, 
organics, radiation pulses and combined environments 
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Now — Complete Coverage of ALL Power 


Requirements In The Nuclear Field! 


REGULATED 
_ A] HIGH VOLTAGE 
POWER SUPPLY 


500 to 5000 Volts D. C. Continuous 


The N-413, using a new operating principle, provides 
10 ma at 5000 volts with .005% line and load regula- 
tion and positive or negative output. The design used 
insures complete freedom from corona noise and AC 
line feedthrough. Ample power is available for multi- 
coincidence studies using 14 stage photomultipliers 
or other similar applications. Output voltage may be 
set to the nearest volt from a standard cell cali- 
brated control. 


REGULATED 
N an AO] HIGH VOLTAGE 
POWER SUPPLY 
500 to 1800 Volts D. C. Continuous 


Hamner's well-known N-401 has become the industry's 
standard for use in scintillation spectrometry or for 
general laboratory use. Test after test has proven un- 
matched voltage stability for prolonged operating 
periods. The N-401 features low noise and ripple; less 
than 1 mv rms. Provides 5 ma, positive or negative 
polarity, front panel control. 


Immediate delivery on both power supplies 


Also highly-efficient power supplies in the 1-50 ma, 500-5000 volt range. Full details will be provided on request. 


Hamner nuclear equipment enjoys an 
unequaled reputation in the country’s 
most discriminating laboratories. We 
would like very much to have you eval!- 
uate Hamner equipment in your own 
laboratory where side by side compari- 
sons can be made. Please contact the 
Hamner office in Princeton or your 
nearest area representative so that a 
demonstration can be made at your 
convenience. 


WORLD-WIDE DISTRIBUTION 
AND ENGINEERING SERVICES EXPORT DEPARTMENT 


HAMNER ELECTRONICS CoO., INC. 


P.O. Box 531, Princeton, New Jersey, PEnnington 7-1320 


202 East 44th Street, N.Y.C CABLE: Henleysale, RCA Teletype 210, N.Y.C 





N.S. SAVANNAH PROGRESS REPORT: 


CORE DESIGN CALCULATIONS CONFIRMED BY TEST 
AT CRITICALITY IN B&W LABORATORY 











The core for the N. 8S. SAVANNAH was, for the first 
time, made critical (at zero power) in an open test 
tank at B&W’s Critical Experiment Laboratory at 
Lynchburg, Virginia. Except for pressure and temper- 
ature, conditions of loading and start-up as nearly as 
possible duplicated those in the reactor pressure 
vessel. Design and engineering calculations were con- 
firmed within closer limits than had been predicted. 


Since radioactivity during and after operation will 
preclude further close inspection, tests such as these 
permit flexibility and accuracy impossible in the oper- 
ating environment. Successful completion of the tests 
on this core—designed and built by B& W—is another 
step toward the sailing of the SAVANNAH—and the 
nuclear future of our merchant marine service. The 
Babcock & Wilcox Company, 161 East 42nd St., New 
York 17, New York. 


THE BABCOCK & WILCOX COMPANY 


NUCLEAR POWER APPLICATIONS 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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LIK 
BONDS | ARE OUR BUSINESS 


A high-integrity metallurgical bond between fuel and cladding is your best 

guarantee against void-induced fuel cladding failures. 

Element processing that eliminates bond line defects and exhibits grain growth 

across interfaces can enhance fuel life and reactor performance. 

M & C Nuclear’s superior experience and technical knowledge in bonding metals is 
widely recognized in the nuclear industry. Elements bonded by hot rolling, cold rolling, 
coextrusion, brazing, welding, and pressing have been made in production quantities. 
Weare also equipped to check the integrity of our bonds by metallographic examination 
and the nondestructive methods such as radiography and ultrasonic testing. 

Our bonding skill is another reason that M & C Nuclear fuel elements contribute 


Another example of to efficient reactor operations. Let us confer with you in an early stage of your reactor 
design project to assure the greatest economies in fuel element utilization. 


TEXAS INSTRUMENTS 


INCORPORATED 
Mie&CNUCLEAR,INC. 


(A SUBSIDIARY) 
P.O. BOX B98 ° ATTLEBORO, MASSACHUSETTS, U.S.A 


M & C’s technical 
skills in the nuclear 


industry. 
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The World's Largest Privately Owned Facility Designed Specifically for Fabrication-Development 


and Production of Fuel Elements, Core Components and Complete Cores. 
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... about NUCLEONICS 


Sequel to a Best Seller 


Significant interest in radiation ef- 
fects goes back a long way—chemical 
effects of radiation have been studied 
from the early days of radioactivity re- 
The modern view, in particu- 
lar the application of the effects of neu- 
trons on the structure of matter, dates 
from Wigner’s brilliant theoretical pre- 
diction of the damage neutrons would 
wreak in the graphite of the then-as- 
yet-unbuilt Hanford But 
large-scale engineering concern came 


search. 


reactor. 


only when radiation-effects data were 
revealed at the first Geneva conference. 

To summarize the post-Geneva situ- 
ation we carried back in September, 
1956 (four years ago—my how time 
flies!) a major report under the title 
“How Radiation Affects Materials.” 
That report proved to be one of the 
most useful we’ve ever published—re- 
print demand has exceeded it for no 
other technical report in the 13-year 
history of NucLEonIcs. Today there 
is a plethora of data—a whole informa- 
tion center has been set up at Battelle 


NEW STRENGTH. Judy Beach, new as- 
sistant editor, discusses article with Herb 
Taylor, new assistant art director 


Memorial Institute to process it. Thus 
the need today is for interpretation of 
the data, for guide posts to the intelli- 
gent application of the data and for 
performance of further radiation-effects 
experiments. In addition there are 
such as the effects 
of combined environments and the 
effect of pulses of radiation. These 
also need to be explored and inter- 
preted. These things we have tried to 
do in the report on “ Advances in Radi- 
ation Effects” that starts on page 63. 


some new themes— 


Meet Miss Beach 


We told you last month that there 
was forthcoming an addition to the 
editorial staff in the area of our applied 
radiation and instrumentation cover- 
age. It may surprise you (as it did 
some of us) that this addition should be 
Yet Miss 
Beach, pictured below with assistant 
art director Herb Taylor (about whom 
we told you last month), is just that. 

The first thing to learn about 
Margaret T. Beach is that, by some 
equation still unknown to nuclear 
physics, she is called Judy. She is 
a native New Yorker, a graduate 
of Smith College (B.A. summa cum 
laude), where her honors thesis as an 
astronomy major bore the imposing 
title of “A Study of the Distribution 
and Magnitudes of Galaxies Using the 
Palomar Observatory Sky Atlas with 
a Catalogue of 1033 New Bright and 
Faint Galaxies.” She was a delegate 
in 1958 to the tenth general assembly 
of the International Astronomical 
Union in Moscow. In college, Judy 
was elected to Sigma Xi and Phi Beta 
Kappa. She comes to us from a science 
editor’s job in the School Department 
of the McGraw-Hill Book Co. 


—The Editors 


a lady astronomer-editor. 








NUCLEONICS (with which are consolidated ‘‘Atomic 
Power’’ and ‘Atomic Engineering’’), September, 1960, 
Vel. 18, No. 9. Published monthly by the McGrow- 
Hill Publishing Co., Inc., James H. McGrow (1860- 
1948), founder. Executive, Editorial, Circulation and 
Advertising Offices, McGraw-Hil! Building, 330 W. 42nd 
Street, N. Y. 36, N. Y. Printed at York, Pa. See 
panel below for directions regarding subscriptions or changes of address 
Officers of the Publication Division: Nelson L. Bond, President; Shelton Fisher, 
Wallace F. Traendly, Senior Vice Presidents; John R. Callaham, Vice President 
and Editorial Director; Joseph H. Allen, Vice President and Director of Ad- 
vertising Sales; A. R. V i Vice President and Circulation Coordinator. 
Officers of the Corporation: Donald C. McGraw, President; Joseph A. Gerardi, 
Hugh J. Kelly, Harry L. Waddell, Executive Vice Presidents; L. Keith Goodrich, 
Vice President and Treasurer; Jehn J. Cooke, Secretary. United States Sub 
scription rate for individuals in the field of publication $8 per yeor; $12 for 
2 years; $16 for 3 years. Canada, other Western Hemisphere countries, and 
the Philippines, $10 fer 1 yeer; $16 for 2 years; $20 for 3 years; al! other 
countries, $15 for 1 year; $25 for 2 years; $30 for 3 years. Single copy 
prices: United States, United States possessions, and Canada, $1; elsewhere, 


A McGRAW. PUBLICATION 


end Audit Bureow of (irwlations 





$2. The Publisher, upon written request from any subscriber, agrees te re- 
fund that part of the subscription price applying to copies not yet mailed. 
Second-class postage paid at York, Pa. Printed in U. S. A. Title registered 
in U. S. Patent Office. © Copyright 1960 McGraw-Hill Publishing Co., ali 
rights reserved. 





SUBSCRIPTIONS. Send subscription correspondence and change of address 
to Fulfillment Manager, NUCLEONICS, 330 W. 42nd Street, New York 36, 
N. Y. Allow one month for change of address, giving old as well as 
new address, and including postal zene number, if any. If possible, 
enclose an address label from a recent issue ef the magazine. Please 
allow one month fer change to become effective. Subscriptions are 
solicited from individucis engaged in the design, development and use of 
atomic power, nuclear engiseering and applied radiation. Position and 
company connection must be indicated on subscription orders. 











Postmaster. Please send ferm 3579 to Fulfillment Manager, NUCLEONICS, 330 
W. 42nd St., N. Y. 36, N. Y. 





MARTIN NUCLEAR REPORT: 


_SEPTEMBER, 1960 


PIMVI-1 Uses Europium Control Rods 


Stabilized, Hydration-Resistant Oxide Offers Long-Term Integrity 
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Longitudinal clad-core interface, showing flame-sprayed zone 





EFFECT OF TITANATE ADDITIVE ON HYDRATION CHARACTERISTICS 
(Eu:0; + 2 TiO.) 


Test Weight % Change 
160 hrs. in distilled HeO No change 
150 hrs. in boiling HeO No change 
140 hrs. in autoclave at 570°F at 1200 psi 0.04% loss 








GMT, September 1, 1960 Martin logged its 658,008,000th mile of space flight 


Vol. 18, No. 9 - September, 1960 


Europium oxide offers many 
advantages as a control rod 
material. In addition to its high 
cross section for thermal neutrons, 
it promises good epithermal ab- 
sorption characteristics—an im- 
— factor in the compact, 
ghly enriched core of the Martin 
PM-1,* where 35 percent of the 
neutrons are of epithermal energy. 
Europium generates no gases as a 
result of absorption. Its neutron 
absorption products add to its 
continuing control effectiveness. 


Through the addition of various 
oxides, Martin metallurgists have 
overcome two basic problems asso- 
ciated with the use of europium— 
its tendencies to (1) hydrate and 
(2) react with silicon in the clad 
material. 


Although SnO, and Fe.O; were 
also tested as additives, the com- 
bination of TiO, and Eu,0, pro- 
vided greatest stability and proved 
to be the only material suitable 
for heat treatment in a reducing 
atmosphere. Various additions of 
titanium oxide to europium oxide, 
ranging from 1:1 to 1:2 mol ratio, 
produced stabilizing effects, with 
the higher additions of titanium 
showing greater stability. 


While a simple mixture of euro- 
pium oxide and iron powders was 
used in zero power tests, cermet 
cores of high ceramic content will 
be fabricated through normal hot 
og procedures for the PM-1. 
For the operational system, euro- 
pium titanate represents 43 per- 
cent by weight in a matrix of 
re-alloyed stainless steel uiva- 
ent to 50 percent by volume. 
A flame spray coating on the 
surfaces of the core provides 
improved bonding. 


Control blade goupons, utilizing 


the stabilized Eu, have been 
defected to expose the meat and 
autoclaved for as long as 284 hours 
at 640°F and 2000 psi with no 
swelling, deformation or appre- 
ciable weight change. 

*Packaged power ow being built under 
contract to the U.S. Atomic 4 y Com- 


mission for installation at ade, 
Wyoming, Air Force Station 
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DEMINERALIZED 
WATER 

AT 1200 G.P.H. 
WITH NEW 
BARNSTEAD 
CARTRIDGE 
DEMINERALIZER 





purification of water in Primary and 
Secondary Reactor Loops. 


FOR 


purification and cleanup of water in 
Swimming Pool Reactors. 


FOR 


purification and cleanup of water in re- 
search reactors and hot cell facilities. 


FOR 


purification and cleanup of water in 
fuel element storage tanks. 


NEW CATALOG #160 


Describes Barnstead’s complete line of 
Mixed-Bed, Two-Bed, and Four-Bed 
Demineralizers. Profusely illustrated 
with case histories, charts, diagrams 
and specifications. Write for your copy 
today! 


arnstead 


STILL AND STERILIZER CO. 


34 Lanesville Terrace, Boston 31, Mass. 


IN WATER 
1878 


FIRST 
PURIFICATION SINCE 


Analogs for Transients 





Dear Sir: 


At the end of the review, “ The Engi- 
| neering Design of Power Reactors’’ in 
| the June NUCLEONICS, it is stated (p. 
| 116) in the discussion of computer ap- 

plication to transient studies that 
analog computers are not satisfactory 
for evaluating accidental transients in 
detail. 

Some readers are likely to be misled 
since the analysis of such transients on 
analog computers in any detail has 
been the subject of very few publica- 
tions. Such studies have been carried 
out in Europe by the majority of 
builders of gas-cooled and other types 
of power reactors. These studies go 
far beyond considering the reactor as 
|a point source of heat. Simultaneous 
heat-flow and neutron-diffusion equa- 
| tions are solved for a number of sec- 
tions. This kind of work usually re- 
quires about 200 amplifiers and a large 
|nonlinear complement. Almost every 
nuclear research group in Europe has 
or is planning an installation of this 
size for such One British 
company is completing construction of 
its own 1,500-amplifier analog com- 
puter for nuclear problems. 

The limitations in absolute accuracy 
of the analog computer are usually 
quite consistent with the approxima- 
tions implied by the mathematical 
model and engineering data. Even 
when the increase in time per run due 
to the use of a digital code can be ac- 
cepted, one should consider the remark 
‘in C. E. Langlois’ letter in the same 
issue (p. 6): “the indiscriminate use of 
| high-speed computers causes the user 
|to lose the ‘feel’ for his problem and 
thereby lessens his ability to properly 
interpret results and decide on proper 
| courses of action.”” While this is true 
|of all kinds of computers, it is quite 
| generally recognized that analog work 
maintains a very close touch with the 


purposes. 


| physical problems at all times. 
Hans WITSENHAUSEN, 
Senior Consultant 
European Computation Center (Brussels) 
Princeton Computation Center 


Electronic Associates, Inc. 
Princeton, New Jersey 


DEAR SIR 


Mr. Witsenhausen has a point in that 
| the exact meaning of the discussion in 


NUCLEAR REACTIONS 





the NUCLEONICcS article could be 
misconstrued. 

It was not the intention to imply that 
the accuracy of the numbers obtained 
from the analog is insufficient for de- 
tailed transient evaluation but rather 
that the accuracy of representation of 
the system wherein all the appropriate 
parameters could be included is insuffi- 
cient with the usual analog systems. 
Because of the ability to get a “feel” 
for a problem with an analog computer, 
most organizations invest in a modest, 
general-purpose analog system contain- 
ing usually less than 100 and, more 
often, less than 50 amplifiers. It is a 
system such as this that is not satisfac- 
tory for detailed evaluation of acciden- 
tal transients. 

It is recognized that an analog com- 
puter can be made to solve any tran- 
sient problem to almost any degree of 
detail desired providing one is willing 
to invest in the amount of equipment 
necessary. Because of the investment 
involved, such machines are purchased 
only when sufficient demand exists, 
which means that the machine must be 
capable of serving a wide variety of 
problems. 

Achieving flexibility with the analog 
machines that are generally available 
requires time-consuming rewiring and 
debugging for each problem. As the 
number of amplifiers increases, the 
practicability of using analogs in this 
manner diminishes. With a digital 
computer, one has greater flexibility. 
Once a program is set up, a run can be 
made as soon as the machine is avail- 
able without the for extensive 
set-up time. 


need 


—Nvuwnzio J. PALLADINO, 
Professor and Head 

Nuclear Engineering Department 
The Pennsylvania State University 
University Park, Pennsylvania 


Corrections 


Dear Sir: 


I would like to call your attention to 
an error in my article “ Designing High- 
Pressure In-Pile Test Thimbles” (NU, 
May, 1960). 

On p. 118, the equation for thermal 
stress, as submitted in my original 
manuscript, gives values double the cor- 
rect amount plotted in Fig. 3. The 
equation should read 
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f Had 
16k0 
Max A. VoGEL 
Experiment Engineering 
Testing Reactor 
Ww stinghouse Electric Corp. 
Pittsburgh, Pennsylvania 


DEAR Si 
errors in the article, “Cali- 
ORNL Lid-Tank Fission 
Plates” (NucLEONICcS, April, 1960, p. 
D. R. Otis and myself, were | 
brought to our attention. In the table | 
100, under the subheading “Esti 
by Neutron Absorption Rate,” 
F and P should be 


pevera 

Dration ol 
98), by 
on p 

| 
mate 
the quantities V,G 
changed to 
1.79 KX 10 + 11%, respectively. 
tions change the final esti- 
f SP-2 from 1.62 « 10" 


mated power olf } 


, 
Chese corre¢ 


0.826, 0.919, 0.575 and | 


to 1.66 K 10"! + 5%. 

Wuirtig J. McCoou 
Engineering De partment | 
Aico Products, Inc. 
Schenectady, New York | 


5 % fissions /sec 


In my article “Hydrogen as Power 
Coolant”’ NU, July, 1960, 
errors were made in the 


table entitled “ Prop- 


Reactor 
p. 84), several 
printing of the 
erties of Coolant Gases”’: 

1. All properties are at 500° C and 
10 m—the title should have been 
isterisked and not the density column. 

2. The chemical symbol for argon 

A, not Ar 

3. The values in the density column 
for Hs and He should be 3.2 and 6.3, 
respectively, not 32 and 63. 

4. All viscosity figures should be 


multiplied by 107%, iie., 1.7 K 1072, 


3.8 10-2, et 
5. Thermal conductivity units are 
cals/em/sec/°C, not 1074 keals 
conductivity of ar- 
0.86 in these units, not 


table, as you may remember, 
nt at your request a few days 
printing. I therefore had no 


unity to pick up any mistakes 


D. BRADLEY | 


Engineering Division 
mic Eneray arch Establishment 
Harwe Didcot, Berks., England 


Chemical 


r’s Note: The new international 


andard abbreviation for argon is Ar. 
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Count on 


ATOMIC 
) ENERGY 


fér 


e Equipment installation and maintenance 


e Facility operation 


e Specialized engineering assistance 


e Training and publications 








new nuclear plants choose 


The Government’s new SPERT III nuclear plant 
at the National Reactor Station near Idaho 
Falls, Idaho, operating since December, 1958 
to study nuclear reactor safety, uses U.S. Pipe’s 
centrifugally cast stainless steel pipe for its 
coolant system. 

SPERT III is classified as a high pressure, 
high temperature, light water moderated and 
cooled reactor. Its versatility permits transient 
tests under various initial conditions of pressure, 
temperature, and coolant flow. For example, 
pressures ranging from atmospheric to 2,500 


psi and water temperatures from 68° to 668° F. 


Another new nuclear power plant, engineered 
and constructed by Stone & Webster for Yankee 
Atomic Electric Company, is using centrifugally 
cast stainless steel heat exchanger shells made 
by U.S. Pipe and fabricated by the Southwestern 
Engineering Company in Los Angeles, Calif. 


Stainless steel, centrifugally cast, made to 
rigid specifications, may be the answer to your 
piping or heat exchanger problem. For more 
information, write or call: 








centrifugally cast stainless 





UNITED STATES PIPE & FOUNDRY CoO. 


Sloe und jibea Livin 


BURLINGTON, NEW JERSEY 
SALES OFFICES: BURLINGTON, BOSTON, BIRMINGHAM, CHICAGO, CLEVELAND, DALLAS, LOS ANGELES, NEW YORK, PITTSBURGH, SAN FRANCISCO 


Stress Analysts 
Investigate 
Evaluating the adequacy of grid design when the grid 
is unevenly heated by gamma rays and subject to hydraulic 
loads, is basically a problem of determining thermal 
and mechanical stresses... Maximum stresses are calculated 
for a solid plate with basic modifications in the equations, 
such as setting Poisson’s ratio to zero and solving 


compatibility equations between the ring and grid. 


GANMA RAY 
HEATING 


Stress Analysts —With Masters degree or equivalent expe- 
rience. Must be able to solve problems in the following: design 
of nuclear reactor pressure vesse ls involving stress determinations 
resulting from internal pressure thermal transients structural dis- 
continuities, gamma ray heating and irradiation damage. If you 
are a U.S. citizen, write to: Mr. H. D. Altmire, Bettis Atomic 


Power Laboratory, P.O. Box 1526, Dept. B-67, Pittsburgh 30, Pa. 


Strain Gages shown on 4 Scale Model of PWR Top Grid 


BETTIS ATOMIC POWER LABORATORY 


~~ 





Westinghouse 
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MINDS, 
METHODS 


MACHINES 


. are Ex-Cell-O’s tangible assets for creative 
manufacturing to your precise specifications. 
Ex-Cell-O, its divisions and subsidiaries are 
equipped and ready to apply 40 years of experi- 
ence in problem-solving to the production of a 
remarkable array of precision products, services 
and facilities which are immediately applicable 
to the nuclear industries. —7 If the answers 
to your particular needs do not appear in the 
abbreviated directory at right, call us, or send 
us your requirements. ——7 We think you will 
find Ex-Cell-O’s vigorous minds, stimulating 
methods and tireless machines an able, de- 
pendable adjunct to your own resources. 


CORPORATION 
OETROIT 32, MICHIGAN 


We invite you to personally explore our facilities and talk to 
our personnel about how Ex-Cell-O's specialists in precision 
can help you. ~-» Address Ex-Cell-O Corporation, Detroit 
32, Michigan, or call TOwnsend 8-3900. Teletype address: 
TWX—DE175.-"7 Your inquiry or requests for quotations 
will receive prompt attention. 60-52 
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EX-CELL-O CORPORATION 


Actuators—linear and rotary 

Servomechanisms 

Control rod drives 

Remote handling eytomam. mantoutotere 

Precision forming of exotic metals, ceramics, lavas 

Computer programmed, tape controlled machine tools 

Remote controlled machine tools for hot cell use 

Electrolytic and electrospark precision metal 

removal equipment 

Custom and standard machine tools “ 
Precision machined parts, assemblies—tolerances to 1 x 10° 
Liquid metering and control systems, components 

Precision ferrous castin 

Research and devélopment progra 

Manufacturing and engineering facilities: 1,490,000 square feet 


(Mae 


CADILLAC GAGE COMPANY 


Servovalves 

Servoactuators 

Servomechanisms—systems arid sub-systems 
; 


Supersensitive sensing devices and systems 
Superfine parts and assemblies—tolerances to 1 x 10° 
Superaccurate gaging and measuring equipment— 


tolerances to 1 x 10" 
Superfine parts and assemblies in lavas, ceramics and cermets— 


tolerances to 1 x 10 
Manufacturing and engineering facilities: 86,000 square feet 





MICHIGAN TOOL COMPANY 


Special and standard gear generation and fabrication 
Gear production equipment—workpieces more than 200’D. 
Precision cold working ‘‘chipless’’ machining equipment, for 
splines, threads, worms, etc. 

Itraprecision indexing equipment—accuracy capability 
= 7x10! arc in 12”D. 
Massive machined detail components and assemblies 
Manufacturing and engineering facilities: 380, square feet 


BAYANT 


BRYANT CHUCKING GRINDER COMPANY 


¢ High speed digital recorders—custom and standard 

e Computer accessories 

@ Precision internal grinding machine tools and accessories 

@ High speed, air bearing electric rotational equipment 

@ Manufacturing and engineering facilities: 140,000 square feet 
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ACCURATE BUSHING COMPANY 


@ Close tolerance needie bearings 

@ Close tolerance hardened steel bushings 

e Close tolerance miniature parts and assemblies—tolerances to 
1x 107" 

@ tso-elastic bearings 

@ Manufacturing and engineering facilities: 55,000 square feet 
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pay thd eae rsei in TOOL WORKS DIVISION 
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. Ree ee pom Ae cutti tools 

@ Carbide and high one 

@ Milling cutters, broac es, borin mm | turning tools 

® Manufacturing and pom ban facilities: 90,000 square feet 
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LAND - Every major nuclear power station under construction in the United States 
will use Worthington equipment. Above, a Worthington engineer discusses the installa- 
. tion of a 120,000 sq. ft. condenser in the Dresden Nuclear Power Station in Morris, 
Illinois. Worthington successfully solved many unusual problems in the design of this 
condenser including the necessity of handling full output of dump steam. f 











SEA-~ai of the Navy’s 25 nuclear vessels in operation or under construction will 
carry important items of Worthington equipment. This is the Ballistic-missile Submarine 

ra George Washington. Three Worthington high-pressure, 4500 psi air compressors furnish 
pressurized gas to expel the |RBM’s from their tubes. These compressors will also be 
used for torpedo ejection, water ballast control, and to help operate escape hatches, 
periscope, antennae and other mechanisms. — 








AIR — Portable Nuclear Power Plants which can be flown to remote locations are a 
reality because of such technical achievements as Worthington’s aluminum tube 
condenser. Built for Alco Products, it will be a vital part of a nuclear plant installed in 
a tunnel located beneath.the Arctic snow. The unit is 75% lighter than conventional 
condensers. It meets a 15-ton weight limitation for Air Force transportation 


LAND, SEA or AIR 


Worthington serves the nuclear industry 


You can benefit from Worthington’s experience in the nuclear field. Whether you are concerned 
with central station power plants, Navy and commercial ships, or packaged power plants, 
Worthington can help develop much of the primary and secondary cycle equipment you will need. 

Worthington solved many special problems in the design of condensers for both the Enrico 
Fermi and Dresden Nuclear Power Plants. Special high-pressure air compressors were built by 
Worthington for installation in ballistic-missile nuclear submarines. Worthington also made 


significant design contributions to the canned rotor pump for circulating primary collant in reactor 
systems. The N.S. Savannah will go to sea with Worthington buffer seal charging pumps, a note- 
worthy application and design. A Worthington turbine generator is being used in the Argonne Low 
Power Reactor, a prototype nuclear packaged power plant for use in remote areas. 

Your inquiries are invited. Please write to R. H. Davis, Manager, Marine and Nuclear Dept., 
Section 106-5, Harrison, New Jersey. 


WORTHINGTON 
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Dresden at full power 


World’s largest nuclear power reactor is providing first BWR plant operating data 


On June 29, the Dresden Nuclear Power Station produced 
rated electrical output of 180,000 kilowatts net—three 
times the power produced by the next largest operating 
nuclear plant in the United States. The practical oper 
ability of large boiling water reactors has now been 
demonstrated, and the first actual operating data from a 
large-scale commercial nuclear plant is available to the 
designers of tomorrow’s reactors. 
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Boiling Water Reactor Technology 


Helps Lower Nuclear Power Costs 


Following a brief demonstration run at full power, 
the plant is undergoing a series of tests at various power 


levels. Operating results so far have confirmed General 
Electric’s belief that large boiling water reactors are the 
most promising type to supply early economical power. 

The pioneering Dresden station was designed and 
built by General Electric for the Commonwealth Edison 
Company and the Nuclear Power Group, Inc.*—with 
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16. Plant is operated from the main control : 17.T 


Bechtel Corporation as engineer-constructor. The plant 
is scheduled to be turned over to Commonwealth Edison 
Company this fall as a dependable power-producer on 
the Commonwealth Edison system. 

For more information on General Electric’s commercial 
nuclear activities, call your G-E Apparatus Sales Office, 
or write General Electric Company, Schenectady, New 
York. Outside the U.S. and Canada, write to International 
General Electric Company, 150 East 42nd Street, New 
York 17, N. ¥ 132-06 

Power Service Corp.; Bechtel Corp.; Central Illinois 


onwealth Edison Co.; Illinois Power Co.; Kansas City 
Pacific Gas & Electric Co.; Union Electric Co. 





1. Core stability extremely high 
DRESDEN 2. Automatic load-following exceptionally good 
OPERATING 3. Flat flux pattern throughout core as predicted. 


4. Off-gas release negligible 
RESULTS 5. Radiation levels in turbine area within permis- 
SO FAR sible limits 


6. Instrumentation remarkably trouble-free 


Progress ls Our Most Important Product 
GENERAL @@ ELECTRIC 
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*Military Compact Reactor, a mobile, lightweight plant of 2,000 to 3,000 ekw, is being de- 
signed and developed by Nuclear Development Corporation of America (NDA) and General 
Motors as part of the U.S.A.E.C.—U.S. Army program to develop nuclear power for military 
use. Successful development would represent a significant advance in reactor technology 
and could be capable of fulfilling a variety of important military applications. 


We would welcome the opportunity of discussing significant career positions with qualified 
reactor and shielding physicists, programmers and nuc/ear engineers. 
Contact David Keller, Director of Personnel 
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Advances in Gas-centrifuge Enrichment Bring Big Problems 

Late in World War II, as the Manhattan District scurried to develop 
enriched-uranium production facilities for the world’s first nuclear 
weapons, the decision was made to go all-out on gaseous-diffusion sep- 
aration of U-235 and to discard three alternative possibilities—electro- 


magnetic, thermal diffusion and 
gas-centrifuge separation. More 
than 15 years later this decision— 
though it can hardly be challenged, 
even with the benefit of hindsight — 
has come back to haunt the Manhat- 
tan District’s successor, AEC, and to 
present the Commission with one of 
the most delicate and difficult prob- 
lems it has ever faced. 

The problem is this: what to do 
about the re-emergence of gas ultra- 
centrifuging as a promising means of 
enriching uranium? While the U. S. 
was virtually ignoring this technology, 
the West Germans and others have 
exploited high-tensile-strength mate- 
rials not available 15 years ago to de- 
velop small, high-speed centrifuges 
which offer the real possibility— 
though not as yet the assurance—of 
producing fissionable material at rea- 
sonable cost. Two important related 
possibilities are these: 1. that these 
commercially developed machines 
may be able to produce enriched-U 
economically (thus competing with 
AEC’s massive gaseous-diffusion com- 
plex); and 2. that this enrichment ca- 
pability may spread to West Germany 
and others who do not now have it. 

Both of these possibilities harbor 
headaches for AEC. Should gas 
technology be classified in the U. S. 
more or less after the fact, to inhibit 
its spread to non-weapons countries? 
How can the U. S. persuade, or co- 
operate with, West German and other 
nations with gas-centrifuge capability 
to prevent the spread of this technol- 
ogy? Should U. S. firms be per- 
mitted to buy, build and operate com- 
mercial enrichment plants (two firms 
—Thor-Westcliffe Research, Inc., of 
New Mexico and Decker Corp. of 
Philadelphia—have indicated such a 
desire and several others have ex- 
pressed interest privately to AEC)? 
If so, what is to be done about the 
language in the 1954 Atomic Energy 
Act which requires AEC to hold title 
to all fissionable material? Would 
AEC be required to purchase all com- 
mercially produced _ enriched-U? 
Does AEC have an obligation to pro- 
tect the government’s $3-billion in- 
vestment in gaseous-diffusion plants 
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against the competition of cheaper 
fissionable material? 


To Be Taken Seriously? 

The basic question, of course, is 
this: Should gas centrifuging be taken 
seriously? The U. S. government's 
own answer is clearly “yes,” as indi- 
cated by the mages, Sa secrecy on 
all gas-centrifuge technology (NU 
Wk, 4 Aug. '60, 1). With this 
secrecy ban in effect, according to 
AEC officials, hurried negotiations are 
under way to work out an _ inter- 
national control system. AEC offi- 
cials say the interest in gas-centrifug- 
ing on the part of U. S. nos is wide- 
spread, going well beyond the pub- 
licly declared interest of Thor-West- 
cliffe and Decker Corp.; others known 
to be interested include General Elec- 
tric, Mallinckrodt Chemical 
Sharpless Corp., Philadelphia. 

As for the commercial importance 
of gas ultracentrifuging, AEC is of- 
ficiall imistic. There is no 
dearth of optimism, however, in both 
the U. S. and West Germany, where 
the lead in centrifuge development 
has been taken by Degussa and Wil- 


and 


helm Groth. The latter has given 
exclusive rights to his process on the 
North American continent to Thor- 
Westclifte (NU, Oct. ’59, 17), al- 
though Thor-Westcliffe’s plans to get 
seven developmental machines into 
operation this year have not jelled. 

The nearest thing to an economic 
appraisal of gas centrifuging is a re- 
port written earlier this year for AEC. 
The author was Gernot Zippe, West 
German scientist who was awarded a 
German patent on gas centrifuges in 
June, along with Rudolf Scheffel and 
Max Steenback (next page). Zippe, 
who is the key man in the Degussa 
centrifuge program, was in this coun- 
try when te patent was issued, work- 
ing under a contract with AEC (via 
the Univ. of Virginia) to reproduce 
a short-bowl centrifuge he built for 
the Russians while an internee there 
six years ago. Zippe returned to 
Europe in July when his contract ex- 
pired but not before rejecting “many 
offers” from U. S. firms. 


Zippe Report 

Zippe’s report to AEC earlier this 
vous fs eos, “Potential of the Short 
Bowl Gas Centrifuge for the Enrich- 
ment of the U-235 Isotope as Com- 
pared with Published Figures for Gas 
Diffusion (TID 5753).” Using esti- 
mates of General Electric's Karl 
Cohen (NU, Jan. ’58, 66), Zippe said 


4 associations explore joint federal-competition effort 

Possible cooperation on the fight over government over com- 
petition with industry—particularly in the nuclear field—was ex- 
plored last month by representatives of Edison Electric Institute, 
Manufacturing Chemists Assn., National Assn. of Manufacturers 
and U. S. Chamber of Commerce. Organization of a four-asso- 
ciation committee was put off until each of the attendees could get 
the reaction of their respective associations. The group would 
not attempt to speak for any of the associations, rather it would 
be advisory and attempt to channel specific anti-competition ac- 
tivity to the association best fitted to handle it. 

Meanwhile, the Chamber of Commerce has formed a task force 
to work for a better public attitude toward atomic energy. 


Florida reactor postponed 1-2 years 
The Florida West Coast reactor’s research-development program 
has been “reoriented” to focus on technical problems of using 
beryllium as cladding material instead of stainless steel. This, 
AEC said, “is expected to delay completion of the plant, originally 
scheduled for July 1963, by from one to two years”—as forecast 


(NU, July ’60, 28). 
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AEC was spending about $634-mil- 
lion/yr to produce 77,777 kg/yr of U 
enriched to 90%. Again based on 
Cohen’s power-consumption estimates, 
Zippe said 2,940 kwh electricity were 
consumed to separate one kilogram U; 
on these bases, AEC’s investment in 
this kilogram was $135, he estimated. 

For the cost comparison, Zippe 
used his “small I” centrifuge 
(dubbed the “Virginia” centrifuge), 
with length of 30.5 cm (12 in.) and 


ipheral — of 350 meters/sec; 
Zippo said the experimental efficiency 
of this machine was less than one- 
third that shown to be possible in the 
literature by both Groth and Prof. 
Jesse W. Beams, head of AEC’s classi- 
fied program at the Univ. of Virginia. 
Zippe said the small machine would 
separate 0.3 kg U/yr, using 260 
kwh/kg; power consumption of the 


spinning rotor was experimentally de- 
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12 
COMPONENTS OF DEGUSSA CENTRIFUGE 
on which German patent was issued in June: 
1. housing; 2. rotor; 3, 4. covers; 5. steel 


Seidl 





anchor-shaped ring cover, with 6. 
spur-geared stator opposite ring; 7. flexible 
shaft, which runs on 8. hard plate and is 
surrounded by 9. guiding sleeve; 10. damp- 
ing element resting in 11. oil bath inside 
12. bearing socket; 13. spring maintaining 
rotor position; 14. collarlike appurtenance in 
which 15. hollow iron cylinder is partly in- 
serted; above cylinder is 16. magnet con- 
nected to housing through 17. damping 
elements; 18. gas outflow pipe; 19. gas 
entry pipe; 20. evacuation pipe running off 
transverse pipes; 21. end of gas entry pipe 
(19); 22. transverse pipes rotate opposite 
rotor with 23. openings near rotor wall; 24. 
lower pipes also have 25. intakes for gas; 
26. rigid dividing wall with 27. central and 
28. peripheral openings; 29. continuous de- 
Pression in housing wall (a winding 
groove); 30. iron core holding pipe system 
in position and 31. corresponding permanent 
magnet 
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fast-moving atomic energy field. 


elsewhere. 


subscriptions to the same address. 


York 36, N. Y. 





If You Are in the Nuclear Field, You Need NUCLEONICS 
WEEK 


Some of our most enthusiastic subscribers to NUCLEONICS WEEK are converts 
whose first reaction had been, “haven't time to read another publication.’ 
they tell us that they need this fast-paced news service to keep them abreast of the 
NUCLEONICS WEEK is designed to serve the men 
doing business in atomic energy, bringing them hard, factual industry news and 
government news affecting their business—and to bring it before it is available 
You owe it to your future to read NUCLEONICS WEEK—the most copied 
news service in the atomic field, $75 per year in North America includes cost of 
airmail west of the Mississippi; $90 abroad. 


Make a date this week with NUCLEONICS WEEK, 330 West 42nd Street, New 


' 


Now 


Reduced rates available for group 








termined as 8.9 watts, with a “quite 
poor” driving-motor efficiency of 
~25%. Taking motor improvements 
and other factors into consideration, 
Zippe estimated that power consump- 
tion would be “roughly 10% of that of 
gas diffusion... for the same 
amount of separative work. 

“The main power consumption of 
the gas diffusion method is caused by 
pumping tremendous amounts of 
uranium hexafluoride and cannot be 
improved. On the other hand, suf- 
ficient pressure head for feeding the 
separated fractions from one [gas 
centrifuge] stage to the next, without 
external pumping, is already included 
in the 8.9-watt figure for the centri- 
fuge. In addition, the way to fur- 
ther improvement is open.” 

Cost of manufacturing the “Vir- 
ginia” centrifuge in the U. S. was es- 
timated by Zippe at $1,000/unit in 
small lots of 10-50. Dividing this 
by 0.3 kg/yr, estimated cost of sep- 
aration was $3333/kg. 

“This figure,” Zippe commented, “is 
about 25 times higher than the cor- 
responding value for the gas diffusion 
method, although the cost per unit 
might come down by as much as a 
factor of two if one tooled up to pro- 
duce large quantities of the machine. 
The above estimate also does not in- 
clude costs of regulatiig devices and 
collecting arrangements for a cascade. 
The nature of such devices is as yet 
unknown. 

“There is no question these invest- 
ment costs are unbearable.” 


Later Models 

Running through Zippe’s compari- 
son— but not stated—is a critical point: 
that is, that the “Virginia” machine is 
several years old and has been ren- 
dered obsolete by subsequent devel- 
opment work. To reflect the more 
current picture, he compared Cohen’s 
gaseous-diffusion figures with a 
Degussa machine of later vintage. 
This machine would cost $235/unit in 
small lots, he said, with length of 
46.5 (18 in.) and peripheral speed 
of 400 meters/sec. 

Extrapolating the cost data “to this 


small Degussa model (a larger one is 
under development),” Zippe  con- 
tinued, “according to the theory that 
says that the separative work in- 
creases according to the 4th power of 
the peripheral velocity and the first 
power of effective length, one finds 
an increase of separative work [to 
0.781 kg/yr].” Cost of separating 
this material, he estimated, would be 
$301/kg/yr, as compared with $135 
kg/yr for gaseous diffusion. 

“The uncertainty in this calcula- 
tion,” Zippe noted, “is the cost of the 
auxiliary equipment in a cascade ar- 
rangement necessary to obtain the de- 
sired enrichment factor. Experience 
with the present machines at Virginia 
has shown that one would expect the 
specific power consumption to de- 
crease with increasing speed and to 
vary little with the size of the ma- 
chine.” 

“One can conclude,” he asserted, 
“that it is important to pursue the 
gas-centrifuge method itself and, es- 
pecially, experiments to increase the 
efficiency of the separative work in 
the single stage units. Furthermore, 
work should be done as soon as pos- 
sible on the development of regulat- 
ing and gas-handling devices of the 
cascade arrangement, as well as on 
the development of larger rotors with 
high memes speed. 

“It appears as though with this 
basic mechanical design, one gains 
more rapidly in separative work than 
the power requirement and invest- 
ment costs increase—as one goes to 
higher speeds.” 

Zippe, just before he returned 
home, suggested that the U. S. in- 
crease its research-development in 
this technology, concentrating on 
bearing development and cascading. 
Such a program should run at least 
three ae said, at a cost of about 
$1-million/yr. “If one would go to a 
larger [Degussa is developing a one- 
meter machine] and faster model 
[faster than 400 meters/sec] there is 
a great chance that, if one puts the 
necessary money in, the machine 
would very well compete with gas 


diffusion,” Zippe contended. 
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AEC, Fuel Industry in Fruitless Go-round on NPR Fuel Billets 


AEC and major elements of the nuclear fuels industry reached the 
end of the road last month in an unsuccessful experiment on reducing 
AEC competition with industry. Before the month was out, the Com- 
mission sent unwelcome word to four bidders that their proposals to supply 


several million dollars’ worth of 
fuel billets for the New Production 
Reactor were too high, that AEC 
would perform the work in its own 
facilities for reasons of economy. 

The events leading up to AEC’s 
decision constitute a remarkable case 
history—with bitter overtones for in- 
dustry—on the complexity and diffi- 
culty of trying to break down govern- 
ment competition. It is a case history 
that is particularly revealing because: 
1. there can be little doubt that the 
Commission considered itself sincere 
in giving industry an opportunity to 
take on this production job; 2. indus- 
try officials contacted by NUCLEONICS 
were unanimous in arguing that AEC 
had no sound reason for performing 
the work itself, regardless of compara- 
tive cost estimates; and 8. AEC, once 
again, found itself unable to justify 
the spending of the taxpayer dollars 
for work it felt could be done con- 
siderably cheaper in its facilities. 

AEC’s offer was this: to procure 
from industry, if reasonable prices 
were quoted, 800-900 tons of slightly 
enriched uranium billets for co-extru- 
sion with zircaloy-2 at Hanford into 
NPR fuel elements. Delivery sched- 
ule called for ten billets each in 
October and November this year with 
a gradual build-up to a ceiling of 60 
tons/month in 1961 and into the early 
months of 1962; much of the early re- 
quirement (1.6% enrichment) will be 
used in the fuel-element development 
program, but the bulk of the material 
(0.947% enrichment) will go into the 
production elements. 


Why Was Industry Asked? 

There are two versions of how 
AEC decided to give industry an op- 
portunity to bid. Industry officials say 
AEC General Manager A. R. Lue- 
decke attended a meeting of the nu- 
clear committee of the Manufacturing 
Chemists Association last fall and was 
asked why AEC was scheduling the 
work in its own facilities; Luedecke 
raised this question with his staff and 
it was decided to invite MCA to 
sponsor a survey of industry's ability 
to handle the billets. The AEC ver- 
sion is that the Commission, when it 
was asked by the staff to approve a 
$1.8-million expenditure for equip- 
ment to produce the billets at Fer- 
nald, Ohio, asked whether industry 
could do the work. In any case, there 
was never serious doubt that Hanford 
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would manufacture the elements 
themselves because of AEC’s feeling 
that fuel-element development was an 
integral part of NPR development. 

MCA organized a committee of its 
own members and representatives of 
fuel fabricators to study the AEC 
billet need and survey industry capa- 
bility. The committee, headed by 
George Wunder of National Lead 
Co., reported back to Luedecke that 
industry could do the work and would 
like to bid on either a fixed-price or 
best-effort basis (wherein AEC would 
have to accept all billets, good and 
bad, as in its own facilities). 

AEC’s invitation for fixed-price pro- 
osals went out this spring, covering 
billet needs for the first core loading 
and extra elements. AEC could give 
no guarantee of subsequent billet pro- 
curement but the possibility—if not 
probability—existed that year-to-year 
purchases would be made from in- 
dustry. AEC felt it could not take 


options for the post-first-core period 
because of lagh | 


bars to long-term 


ZIRCONIUM-CLAD FUEL ELEMENT for the 
New Production Reactor, shown in artist's 
drawing at right, is a tube-in-tube configura- 
tion (note spacers), with outer process tube 
of zirconium. The 0.947%-enriched metal 
elements will be coextruded, rather than 
canned 


HANFORD'S 2,750-TON COEXTRUSION 
PRESS, below, will process vranium-metal 
billets produced at AEC's Fernald, Ohio, and 
Weldon Spring, Mo., feed-materials plants. 
Uranium-zirconium shapes turned out of the 
press will be finished into fuel elements by 
other equipment housed in the $3.6-million 
cladding facility built for NPR 


contractual commitments. 

On July 5, four bids were received: 
Engelhard Industries, National Lead, 
Westinghouse and (jointly) Mallinc- 
krodt Nuclear and Olin-Mathieson. 
Davison Chemical was subcontracting 
bidder to the first three on conversion 
of UF. to UF. to metal. Mallinckrodt 
was doing the same in its joint ven- 
ture, with the fabricators converting 
the metal “derbies” to ingots, drilling 
these, hot extruding and rough ma- 
chining. Hanford, with its huge co- 
extrusion press (see photo), will co- 
extrude the metal with its zircaloy-2 
cladding for finishing as tube-in-tube 
fuel elements of 2-3 ft in length. 


The Impasse 

In view of AEC’s bona fide desire 
to give industry a chance at this huge 
procurement, why did it choose self- 
manufacture? AEC officials have 
several answers: 1. the Commission 
must protect the taxpayer and cannot 
“subsidize” anyone in industry; 2. in 
“farming out” work, AEC can justify 
a higher industry price (than govern- 
ment cost) only when it gives in- 
dustry capability which might lead to 
better and cheaper services for the 
nuclear industry (and, according to 
AEC officials, the ability to pom, 





U metal is not too meaningful in view 
of the trend toward oxide and other 
ceramic fuels); 3. AEC would be criti- 
cized by Congress if it accepted in- 
dustry bids substantially higher than 
AEC's costs. 

Industry’s views could be summa- 
rized in one question: Does the gov- 
ernment really mean it when it says 
it does not want to compete with in- 
dustry, particularly for a non-develop- 
ment job? Some typical industry 
comments: 

“If the contract had been long 
term, the situation would have been 
entirely different. Industry gave a 
fixed-price guarantee on — and 
you have to put in some ‘fat’ to take 
care of that [faulty billets] because 
Hanford has the turn-down on faulty 
billets. Best-effort bids would have 
been substantially lower and I think 
the bids would come down substanti- 
ally on volume. I think industry 
should get this work—we'll have to 
break this [competition] some time. 
But I would say we have been given 
a fair hearing.” 

“When there is a need AEC should 
let private industry manufacture the 
material. It’s a matter of survival. 
They can have some justification in 
giving this business to private indus- 
try because it is helping us to reach 
economic nuclear power quicker.” 

“There is no question that industry 


can produce this material cheaper 
than AEC [over the long term] re- 
gardless what AEC says its costs are.” 

AEC officials said their cost esti- 
mates, which were prepared a 


to Budget Bureau criteria for com- 
parisons with industry prices, re- 
flected operating costs, amortization, 
use charges (for the fuel material), 
losses likely to be incurred, interest, 
use of capital for the entire billet- 
making operation (including the $1.8- 
million for Fernald), insurance and 
third-party liability indemnity, taxes, 
and salaries and other administrative 
costs; no profit factor was included. 


NPR Fuel Elements 

The tube-in-tube elements (with a 
third, outer process tube of zirconium) 
under development for NPR will 
serve to meet the needs of both plu- 
tonium and electricity production, if 
NPR is eventually converted to a dual- 
purpose reactor; they would not be 
adequate if NPR were converted for 
power production only. 

A thin cladding of zircaloy-2 has 
been decided upon to reflect the rela- 
tively short exposure period and the 
lower temperatures than are usual for 
power reactors. However, tempera- 
ture, pressure and exposure condi- 
tions will be severe enough to have 
dictated zirconium over aluminum. 
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AEC, PRDC Ask Supreme Court to Review Permit Validity; 
Fermi Work Continues but Criticality Off to Mid-’61 


Power Reactor Development Co. filed papers with the Supreme Court 
in mid-August requesting a writ of certiorari [review of the case] in the 
matter of the AEC construction permit for the Enrico Fermi fast breeder 
reactor at Lagoona Beach, Mich. AEC had already asked the Justice 


Department to take the necessary 
legal steps to seek Supreme Court 
review. 

AEC’s construction permit, granted 
Aug. 4, 1956, and under continuous 
fire since then by three labor unions, 
was invalidated in a 2-1 decision of 
the Circuit Court of Appeals June 10, 
1960. An appeal by AEC and 
PRDC for review by the full nine- 
man Circuit Court bench was denied 
July 25. 

One day later, on July 26, PRDC 
asked the Court for a stay of execu- 
tion of the decision setting aside the 
construction permit. Granted Aug. 
9, it permits PRDC to continue work 
on the reactor either until the Supreme 
Court denies review, or until—having 
agreed to review—the Supreme Court 
hands down a decision. PRDC feels 
the reactor is so close to completion 
that it is important that it be allowed 
to finish construction so that the non- 
nuclear testing program may proceed. 
Interruption of work now would only 
cost the project more money, a PRDC 
official told NUCLEONICS. 


Work Proceeds at Site 

Meanwhile back at Lagoona Beach, 
work is continuing on non-nuclear 
testing of the reactor systems. Just 
before the Court of Appeals threw 
down the construction permit, PRDC 
had been planning to take the reactor 
critical for the first time in March or 
April 1961, at conclusion of the non- 
nuclear test work. Now it is planned 
—if there is no resolution to the legal 
question by that time—to carry out 
additional experimental work as part 
of the non-nuclear testing program, in 
which molten sodium is circulated in 
the primary at operating temperature, 
heated by electrical heaters. 

Two months of heavy construction 
work now remain before the final 
gen of the non-nuclear testing can 

e carried through to completion. 
Most of this is centered in the plant 
control room, where cable-pulling and 
hooking-up of controls has yet to be 
completed. A changeover will have 
to be made at the conclusion of the 
non-nuclear testing program from test 
equipment to the permanent plant 
controls. Also remaining to be done 
is site completion and cleanup. After 
that, only fuel loading and installation 
of control rods will remain to be done 
(the control rods are to be installed 
and tested prior to fuel loading in any 


case). The  turbine-generator set 
should be completed within the next 
two months also. 


Appeal to Supreme Court 

In placing its case before the highest 
court in the land, PRDC declared, “A 
majority of the court below [the Cir- 
cuit Court] has pre-empted the roles 
of Congress and the [Atomic Energy] 
Commission by writing into the law 
its particular ideas of what would be 
sound atomic energy policy. It has 
done so with respect to matters that 
were not only plainly entrusted to the 
Atomic Energy Commission’s expert 
discretion by Congress, but that fall 
in an area which, above all others, 
a the evaluation of complex 
technical information by those spe- 
cially qualified to do this. If this 
decision stands it will impede rather 
than further the plainly declared Con- 
gressional purpose of encouraging the 
most rapid development of the peace- 
ful application of nuclear energy 
which is consistent with adequate 
protection of the public health and 
safety. 

“In holding the provisional con- 
struction permit order of the Commis- 
sion to be now reviewable [by the 
courts] at the instance of these re- 
spondents [the unions], the court be- 
low has also rendered a decision in- 
consistent with basic principles of 
judicial review laid down = this 
Court and accepted in other circuits.” 


Supreme Court: Alternatives 

If the Supreme Court will review 
the case and decides favorably to 
PRDC—a decision that could hardly 
come at the earliest much before next 
spring—PRDC will then apply for an 
operating license. Procedures _re- 
quired at that time involving the Ad- 
visory Committee on Reactor Safe- 
guards and AEC’s Hearing Examiner 
mean that at least two months must 
elapse before a low-power operating 
license can be issued. Thus it is un- 
likely that criticality well occur at La- 
goona Beach before midsummer 1961. 

On the other hand, should the 
Supreme Court either deny review or 
decide in favor of the unions, PRDC’s 
only remaining recourse would be to 
return to AEC for a review of the 
original construction permit; it might 
be necessary to return to Congress 
for review of applicable legislation. 
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PICTURE STORY OF THE MONTH 


NEARING ITS FINAL APPEARANCE, the Fermi fast breeder 
externally seems to need only site cleanup and landscaping. 


Principal features include: 1. reactor containment building; 
2. boiler house; 3. turbine-generator building; 4. control 


center; 5. plant offices; 6. fuel element and repair building; 
7. health physics building; 8. sodium purification and stor- 
age; 9. inert gas building. Lake Erie is at top of photo, 
with a natural lagoon in foreground 


Fermi Reactor Nearing Completion 


A force of about 400 (skilled and 
unskilled labor and supervisors) plus 
20-30 technical personnel running 
the test program are now working at 
the Enrico Fermi Atomic Power 
Plant to complete construction. Work 
is continuing at the same rate as be- 
fore the adverse court decision (see 
opposite page), neither accelerated 
nor slowed down; normally there is 
only one shift, although occasionally 
a second shift is called on to sur- 
mount humps. 

The nonnuclear test program, 10- 
15% completed, is starting hot gas 
testing. Late last month the reactor 
temperature was being brought up to 
500-525° F, after which the primary 
and intermediate loops were to be 
filled with sodium for the first time. 
The intermediate loop is just being 
completed. A _ lot of component 
acceptance testing has been running 
concurrently with equipment erection 
the last two months. 


BEFORE AND AFTER: The discarded 
birdcage arrangement (above, arrows) 
which permitted the fuel rods to move 
in one plane where they were unsup- 
ported, resulting in corkscrew-like dis- 
tortions in the rods and opening up the 
risk of hot-spots developing that might 
in turn lead to local melting. (Right) 
“Honeycomb Birdcage No. 8,"' adopted 
after extensive testing as an alternate 
support system that would utilize the 
same pins already in fabrication but 
hold them in a more rigid assembly. 
Orders for fabrication of the honeycomb 
grid were to be placed late last month 
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INSIDE BOILER HOUSE: prominent are two sodium pumps 
(right of center) and two main sodium-to-water heat ex- 
changers (just left of center and, only top showing, bottom 
right corner) 


INSIDE REACTOR DOME: top of primary shield tank in fore- 
ground; man (center) is seated on hold-down mechanism; to 
either side, drive motors for rotating shield plug and offset 
handling mechanism 
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Savannah Schedule Shows Slippage; Await ACRS Action 


NS Savannah has lost some more 
time from her precritical startup 
schedule. At the beginning of the 
year, fuel loading was slated to take 
place in April or May; most recent 
schedule called for mid-August. But 
a estimates for start of fuel 
oading for the world’s first nuclear 
merchant ship range from October to 
December, with the latter part of 
that trimester probably a better bet. 
Achievement of criticality may take 
several weeks more after insertion of 
the fuel elements. 

The core itself has passed criticality 
testing in Babcock & Wilcox’s critical 
facility at Lynchburg, Va., and is now 
there awaiting shipment. 

Reason for the slippage is attributed 
by project officials to the extreme strin- 
gency—and time-consuming nature 
—of the tests prescribed for the ship’s 
propulsion system. Philosophy of 
the joint AEC-Maritime Administra- 
tion organization—the “customer” for 


Savannah—is that whereas in a con- 
ventional ship a lot of minor bugs are 
expected to appear and be ironed out 
on the trials, a nuclear ship—especially 
a first one—simply cannot afford to 
have any bugs at all at sea, not even 
on trials. 

“I know there are no _ technical 
problems,” a project official told 
NUCLEONICS; “it's just a straightfor- 
ward testing of systems—and of get- 
ting AEC approval via the Advisory 
Committee on Reactor Safeguards.” 

Savannah is now in transition from 
the startup program’s Phase I (static 
precritical systems testing) to Phase 
II (dynamic pprecritical testing). 
Phase III will include fuel loading, 
criticality, and low-power operation 
for physics testing; IV is dockside 
power testing, and V the seatrials. 

Right now it is not yet clear 
whether Savannah’s reactor will be 
brought to criticality and run at low 
power at the Camden, N. J. yards of 


N. Y. Shipbuilding Co., or not. ACRS 
has not yet ruled on the proposed 
startup plans. The yard would like 
to take the reactor to at least 18% of 
its 69-Mwth power at her fitting-out 
berth, but AEC has not yet approved 
this. Alternate test sites under con- 
sideration are Harbor of Refuge on 
the lower Delaware estuary, and 
Yorktown, Va. High- and full-power 
testing prior to sea trials will probably 
be done at Yorktown. 

In preparing to consider Savannah's 
hazards report, ACRS is known to 
feel that caution is justified, the 
pioneer merchantman being unprec- 
edented in that 1. most Navy A- 
ships had a well-checked-out proto- 
type, unlike Savannah; 2. every Navy 
A-ship has a crew, as well as officers, 
thoroughly trained—again unlike Sa- 
vannah; and 3. that the Camden- 
Philadelphia area is more thickly 
populated than the places where the 
submarine reactors were started up. 


Ship Operators Still View Nuclear Power with Interest—but at Arm’s Length 


Ship operators’ view of the outlook 
for commercial nuclear propulsion is 
still bleak for the short term but not 
without bright spots of hope. 

In the wake of the Forum meeting 
in Philadelphia four months ago (NU, 


June ’60, 25) NucLeontcs carried out 
a small informal survey of the group 
that holds the key to the future of 
atomic merchant ships but has been 
least heard from: not the reactor 
manufacturers nor the shipyards, both 
of whom have products to sell, but 
the ship operators who are the ulti- 
mate customers. 

First conclusion: without govern- 
ment financial aid, it will be a long 
time before any commercial nuclear 
merchant ship contracts are awarded. 
Not that this is surprising: in the 
land-based central station field, one 
can count on two fingers the utilities 
— enough to undertake a self- 

nanced major reactor project by 
themselves as Con Edison and Pacific 
Gas & Electric have done. And pools 
for joint operation are not as feasible 
in the shipping as in the electric 
utility business. Additionally, the 
shipping industry is in a depression: 
“I've got ships coming out of my ears; 
25% of all available ships are laid up,” 
said one executive. 

On the other side of the ledger: as 
long as ships consume some 255 
barrels of fuel oil each day at sea— 
or a barrel every five minutes, at 
$2.39/bbl (New York harbor price) — 
ship operators are going to be making 
flirty eyes at any prime mover that 
holds out any promise of being cheaper. 
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Major surprise of the survey was a 
recent change of attitude by Ameri- 
can President Lines, which has been 
hoping for some time to build—with 
government aid—a _ superliner for 
transpacific service. (The ship actu- 
ally was authorized by Congress but 
funds were not appropriated.) APL 
testified before Congress in 1958 that 
although it had “devoted a great deal 
of thought and study and invested 
considerable sums in research and 
training” on nuclear power, it found 
that “immoderate financial risk” was 
involved in using it now (50% more 
than an equivalent ship in capital cost 
and $1.1-million/yr more in operating 
cost). 

Last month, however, an APL 
official told NucLEoNics that company 
policy had just changed; that for 
passenger ships on a long run, nu- 
clear propulsion may now be econo- 
mic much earlier than had originally 
been thought; and that APL would 
not now build any large passenger 
ship without making exhaustive studies 
to determine if the ship should be 
nuclear-propelled. APL agreed that 
the Forum paper at Philadelphia by 
David L. Gorman of Geo. G. Sharp 
Inc. had been an eye-opener (“on the 
Pacific run the [nuclear] express 
passenger liner appears to be fully 
competitive with the conventional 
ship at 31 knots, and very nearly so 
at 26 knots”). 

On the other hand the United 
States Lines, which two years ago— 
after a study—turned down nuclear 
propulsion for the proposed sistership 


to its transatlantic superliner United 
States, said it believed commercial 
nuclear power to be just as far away 
as two years ago. However USL 
said—as did every line surveyed— 
that it was watching nuclear develop- 
ments very closely and — up 
with latest advances and thinking. 

Tanker operators likewise were 
bearish, although Isbrandtsen—which 
had offered two years ago to build a 
gas-cooled reactor propelled tanker 
and to split the cost differential with 
the government (NU, March ’59, 19), 
only to see the government fail to 
match its offer—said it might resub- 
mit its offer if the new Administration 
and Congress were more favorably 
minded. “The whole thing turns on 
whether the government wants a nu- 
clear merchant marine or not want 
one.” 

At present only one operator actually 
has a nuclear ship on its hands— 
although not yet at sea: States Marine 
Lines, which will operate Savannah 
for the account of the government. 
Nuc eonics asked States Marine why, 
other than for prestige, it was spend- 
ing its own as well as the govern- 
ment’s money to take on the head- 
aches and risks of this pioneering 
venture. Replied a high official of 
the line, “We want to be in on the 
inside, on the ground floor. We will 
be in a much better position to eval- 
uate the numbers on nuclear propul- 
sion having had the experience with 
Savannah. Anyone with our fuel bill, 
for keeping 80 ships at sea, has to 


look at any alternate fuel.’ 
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Zinn and Combustion Still Looking for a Major Reactor Job 


Whenever students of history gather, the talk nearly always gets 
around eventually to a favorite argument, the Great Man theory of 
history: do great men shape events and change the course of history, or 
are they called into being by irresistible historical forces? 


It can be assumed nothing was 
further from the minds of the 
directors of Combustion Engineering 
Inc. than to set up a laboratory ex- 
periment in historical determinism 
when they arranged late in 1958 to 
purchase the General Nuclear En- 
gineering Corp. The experiment is 
nevertheless there. For the principal 

if not the only—reason CE paid 
$2-million in stock for GNEC was to 
acquire the person of Walter H. Zinn, 
one of the outstanding figures in the 
brief history of nuclear reactors. He, 
it was hoped, would lead Combustion 
out of the wilderness and into the 
promised land of major reactor mak- 
ers. 


The Components Business 

Combustion Engineering, one of 
the big three among manufacturers of 
conventional steam-raising equipment 
(with Babcock & Wilcox and Foster 
Wheeler), first got a toe into the door 
of the atomic world in 1946 when it 
sent an engineer to Oak Ridge where 
the first feasibility studies on generat- 
ing power from uranium fission were 
being carried out. Soon thereafter 
the company received a contract for 
design and manufacture of liquid 
sodium heaters and steam generators 
for the nuclear power plant develop- 
ment then just being undertaken by 
the Navy’s Bureau of Ships. 

This was the start of a markedly 
successful corporate career in nuclear 
components, especially reactor pres- 
sure vessels and heat exchangers. 
Drawing on the resources and know- 
how of its huge metal-working shops 
at Chattanooga, Tenn., Combustion 


became a specialist in 200-300-ton ' 


steel vessels built with the dimensional 
tolerances of a Swiss watch. It sup- 





plied reactor vessel, shield tanks and 
rotating plug for both Seawolf and 
her land-based prototype, and sodium 
steam-generating equipment for the 
latter; the reactor vessel and its in- 
ternals for Shippingport; the 315-ton 
reactor vessel, internals and rotating 
lug assembly for the Fermi fast 
reeder; three vessels and internals 
for Triton and her prototype, another 
for the AlW large-ship reactor proto- 
type in Idaho, two more for the 
nuclear destroyer Bainbridge; and 
assorted steam generators and pres- 
surizers, plus eight cores for the Navy. 

In July 1955, Combustion became 


.the nation’s third naval reactor con- 
‘tractor when it was assigned by AEC 


to design and develop a propulsion 
reactor for a small submarine. The 
company then bought 530 acres at 
Windsor, Conn., where it built a nu- 
clear engineering center including an 
administration office building, a string 
of development labs, a fuel fabricat- 
ing plant and a 2-cell critical fa- 
cility; nearby was built the land- 
based prototype, S1C, for the small 
submarine reactor, which went criti- 
cal in August 1959. The submarine 
itself, Tullibee, was launched April 27, 
1960, and is now being fitted out. 

At Windsor, Combustion has in- 
vested some $16-million in facilities 
alone. Another $6-million went into 
the heavy manufacturing plant at 
Chattanooga for a new nuclear bay 
and special equipment such as a 15- 
million volt betatron for fast X-raying 
of thick plate and welds, large pre- 
cision machine tools, and cranes with 
over 300-ton capacity. A further $8- 
million or more was invested in re- 
search-development work, including 
some $4-million on the S1C prototype, 
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AT WINDSOR: Combustion's plant. Two new wings are now being added. 
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$l-million on Fermi components. 
This adds up to a total of $30-million 
CE has committed to nuclear power. 


Romance (Ccrporate) 

Nevertheless Combustion had at 
end-1958 no power-reactor prime 
contract, aside from the submarine 
and its prototype. It seemed there- 
fore like a logical move for the com- 
pany to become interested in GNEC. 
This engineering design and consult- 
ing firm had been founded in July 
1956 by the brilliant Walter H. Zinn 
upon his retirement from the director- 
ship of Argonne National Lab. 
Thanks in large part to his interna- 
tional reputation (and abetted by the 
top-notch staff he attracted around 
him), GNEC had a meteoric start 
and was sought after by many of the 
groups then planning or coveting a 
reactor, or just studying: Middle 
South Utilities Inc. (power prototype 
and full-scale plant); Venezuela 
(medical research); Isotope Products 
Co. (cobalt and process steam); 
Puerto Rico (power, boiling water) ; 
Univ. of Florida (training); Florida 
Nuclear Group (power, gas-cooled) ; 
Carolinas-Virginia group (power, 
D:O); AEC (evaluation of British, 
French gas reactors); Germany and 
Cuba (power, boiling water). 

The merger was consummated in 
January 1959, with GNEC remaining 
in Dunedin, Fla., as a wholly-owned 
subsidiary of Combustion, and Zinn 
moving to Windsor as CE’s vice-presi- 
dent, nuclear. (However, _ since 
strong-minded, dominating personali- 
ties of high temperament rarely work 
well together as a team, Zinn has 
little to do with Combustion’s ac- 
tivities for the Naval Reactors Branch 
of Adm. H. G. Rickover.) 

Combustion now has some 800 
people in the nuclear divisions at 
Windsor: 250 in the naval reactors 
division under William F. Roche, 550 
working for Zinn of whom 200 are 
production-plant workers. There are 
about 400 production workers at 
Chattanooga, and about 35 at GNEC. 

Since then CE has obtained an 
AEC contract to operate the SL-1 
(Argonne Low Power Reactor, a 300- 
kwe boiling reactor at the Idaho test 
station); it has designed and is build- 
ing what are probably history’s big- 
gest heat ieee for the New 
Production Reactor at Hanford; it has 
designed a pressurized-water propul- 
sion plant for a large tanker; it carried 
out the conceptual design for AEC’s 
Nuclear Test Plant, to test entire cores 
for Army package power reactors; it 
designed PL-2, a 1-Mwe portable and 
air-transportable boiling water plant, 
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a scale-up of SL-1; and in its devel- 
opment labs it has been working on 
fuel-cycle projects like trying to make 
ceramic fuels by vibratory compac- 
tion rather than pelletizing, and try- 
ing to find ways of increasing thermal 
conductivity of UO:. It is carrying 
out a general study on nuclear super- 
heat for AEC. CE and GNEC are de- 
signing and will supervise nuclear con- 
struction of the BONUS (BOiling 
NUclear Superheat) reactor in Puerto 
Rico—but fabrication is to be let out 
on bid component by component; 
Jackson & Moreland is acting as archi- 
tect-engineer. And it is working 
with the Florida group to devise a 


suitable fuel element. 


Wanted: A Prime 


But Combustion still has no power 
reactor prime contract. It is the only 
one that does not, among the seven 
firms generally considered leaders in 
the civilian nuclear power field (with 
Westinghouse, General Electric, Bab- 
cock & Wilcox, Atomics International, 
Allis-Chalmers, General Atomic). 

Combustion lost valuable time— 
and a chance to build prestige—that 
it may not recover for a long time, 
perhaps never, when it entered the 
naval program as third reactor 
builder in 1955. One of the condi- 
tions exacted by Admiral Rickover is 
reported to have been that Combus- 
tion would bid on no civilian reactor 
jobs for three years. (As a matter 
of fact, CE did bid on the Liquid 
Metal Fueled Reactor Experiment, 
whereupon Rickover withdrew the 
SIC contract; CE had to “go back on 
our hands and knees,” withdraw the 
LMFRE bid and make a number of 
new concessions to Rickover to get 
the S1C contract back.) At that time 
Rickover said he was going to build 
400 small submarines using the S1C 
reactor—an alluring prospect, difficult 
for any company management to re- 
sist. So for some years Combustion 
did not bid on civilian reactor jobs. 
But unfortunately there will not be 
any more Tullibees. And although 
Combustion says it still bids on Navy 
core jobs, it has not had an order for 
well over a year. 

The firm has bid recently on the 
Los Angeles-Pasadena improved-cycle 
boiling reactor (50-Mwe), the Mc- 
Murdo Sound reactor (1.5-Mwe), the 
Small-Size Pressurized Water reactor 
(16.5-Mwe), and did not bid to 
SENA, Southern California Edison 
or Pacific Gas & Electric, all inter- 
ested in 200+-Mwe plants. But this 
does not mean Combustion will 


—— in small reactors. Rather, 
e company is interested in any pro- 
posal that does not involve excessive 
commercial risk. 
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JCAE Influence Brings McMurdo Project to Fruition; 
Martin Gets Contract, Shoots for March '62 Operation 


As it has so often in U. S. nuclear 
history, the influence and determina- 
tion of the Joint Committee on 
Atomic Energy has added another 
power reactor to the U. S. program. 
The latest was added last month when 
AEC selected the bid of Martin Co. 
to manufacture, erect and test operate 
a 1,500-kwe pressurized-water reactor 
for McMurdo Sound, Antarctica. 

It was largely at the insistence of 
JCAE that McMurdo and two smaller 
reactors to be built in Antarctica were 
scheduled for construction. Had 
JCAE not intervened it is virtually 
certain that the Navy, which has re- 
sponsibility for Antarctic facilities, 
would have decided on diesel plants 
(NU, Apr. 60, 27)—at cheaper capi- 
tal costs but considerably higher op- 
erating cost. 

Martin beat out Combustion En- 
—s and Alco Products for the 
McMurdo plant; AEC said cost of the 
plant would not exceed $3,950,678 
(actual negotiated price may be 
something slightly less). The reac- 
tor must be ready for shipment from 
the U. S. by Nov. 1 next year and be 
in operation by March of 1962. The 
Martin plant is a modification of the 
PM-1 (portable, medium) reactor un- 
der construction for the Air Force and 
to be erected at Sundance, Wyo., 
next summer. 


Byrd, Pole Reactors 

A significant feature of the Mc- 
Murdo bidding was the AEC request 
for options from all bidders for 
one or two more reactors for Mc- 
Murdo or, possibly, Byrd Station and 
South Pole. AEC asked for the op- 


tions to obtain some idea of savings, 
if any, which might accrue if identi- 
cal reactors were ordered for Mc- 
Murdo, Byrd and Pole (with less 
powerful cores, of course, for the 
smaller plants). On the basis of the 
Martin, Alco and CE option offers, 
AEC said a saving of no more than 
10% appeared to be possible by pro- 
ducing a duplicate of McMurdo, with 
only negligible savings for a triplicate. 

Under these circumstances, it was 
suggested, it is likely that AEC or 
the Navy will go out again on bid for 
the Byrd and Pole reactors, rather 
than take up the options accompany- 
ing the McMurdo bids. The Byrd 
reactor is scheduled for operation in 
March 1963, a year behind Mc- 
Murdo, and the Pole is a year behind 
Byrd (operation in March 1964). 
However, AEC officials said, con- 
tracts for these are expected to be let 
“in the near future.” 

There was one problem area re- 
maining for the McMurdo project— 
how to transfer the reactor to the 
Navy. This question arose because 
section 91 of the 1954 Atomic En- 
ergy Act, which provides for transfer 
of reactors and fissionable material to 
the Defense dept., authorizes such 
transfer for military purposes only. 
McMurdo will be a_ non-military 
facility furnishing power for scientific 
projects sponsored by the National 
Science Foundation and _ others. 
AEC could take the plant through its 
licensing procedures but this would 
be time consuming; the alternative 
under consideration was amendment 
of section 91 to permit transfer for 
non-military use. 


> a. Pa ae 


FIRST POWER PLANT FOR ANTARCTICA will be located at this site (bottom in 


photo) at McMurdo Sound. 
above it. 


It will deliver power to the Naval Air facility shown 


Foto courtesy U. S. Navy, Martin Co. 


September, 1960 - NUCLEONICS 





REACTOR NEWS 


AEC WILL BUILD IMPROVED-CYCLE OMR 


AEC plans to proceed with construction of a 75-Mwe 
improved-cycle organic — reactor, and is ex- 
pected to select an architect-engineer for the project 
within the next few weeks. The project has not yet 
been formally approved by the Commissioners. AEC’s 
reactor staff had been studying whether to proceed with 
construction at an AEC site since the utllity industry 
had failed to sponsor the prototype earlier this year. 
Major consideration was whether fuel technology on the 
proposed core, with sintered aluminum power, was suf- 
ficiently promising to support a full-scale prototype. 
This is one of two organic reactors provided in the fiscal- 
’60 reactor program (see table NU, Feb. 60, 18); the 
other, EOCR (Experimental Organic Cooled Reactor, 
ex-OMRE-2), is already under construction at the Idaho 
reactor test center. This $6-million, 20-40-Mwth facil- 
ity, to be completed in late 1962, will be operated by 
Phillips Petroleum Co. 


DRESDEN TO GET STAINLESS CORE 


Second core for the 180-Mwe Dresden boiling reactor 
will use stainless steel, instead of zircaloy, cladding. 
The change will require an increase in enrichment from 
1.5% to 2.7%. General Electric nevertheless hopes for 
8,000-10,000 Mwd/ton burnup with the first core, 12,- 
000-15,000 with the second. It expects the first core to 
last about a year before center elements start having to 
be replaced. GE fears hairline cracks, such as appeared 
last winter before Dresden’s startup (NU, Jan. 60, 18), 
might, under long exposure, lead to major defects. 
Earlier GE had proposed a stainless- instead of zircaloy- 
clad core to SENN; the question is still under study. 


FLY TWO A-PLANE TYPES IN 1965: BRANCH 


Two nuclear-propelled planes flying in 1965—both a 
direct-cycle and an indirect-cycle 7 this is the aim of 
Aircraft Nuclear Propulsion Chief Gen. Irving Branch. 
The ANP boss told Nucteontcs he wanted to make a 
selection between the competing systems on the basis of 
actual flight-test experience. (Latest architect’s sketches 
of the two planes: NU Wk, 4 Aug. 60, 3.) Meanwhile, 
General Electric, developer of the direct-cycle engine, is 
making progress at the Idaho reactor testing station on 
construction of its new experimental aircraft reactor, and 
is “considerably further along,” Gen. Branch said, than is 
Pratt & Whitney's indirect-cycle reactor at its CANEL 
labs near Middletown, Conn. GE's reactor, P140-E, 
is fifth in a series of reactor-and-jet-engine units; it em- 
bodies a change in core configuration over its predeces- 
sor, Gen. Branch said, although it uses the same fuel ele- 
ments. (GE is also continuing work at Idaho with 
HTRE-2 [High Temperature Reactor Experiment] “be- 
cause it can use ceramic fuel.”) P140-E will have a 
power level “more than 100 Mwth, a very crude ball- 
park figure,” but despite good progress, it will be “a 
long time before it goes critical.” It owes its changed 
core configuration to Administration insistence on a 
“militarily useful” [supersonic] nuclear plane (NU, Sept. 
"59, 28). 


FLORIDA REACTOR POSTPONED 1-2 YEARS 

Construction of the Florida West Coast reactor has been 
postponed one-two years as result of a reorientation 
of the project's research and development program, to 
focus on solving technical hurdles to use of beryllium 
as cladding material, instead of stainless steel. The 
move was not unexpected, having been foreshadowed by 
apprehensions on ‘the part of the project's sponsors re- 
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garding rising power cost estimates (NU, July ’60, 28). 
Sponsors are the Florida West Coast Nuclear > 
which was to start building the 50-Mwe gas-cooled, 
pressure-tube D,O-moderated reactor now if power cost 
were not more than 1% times conventional power cost; 
and East Central Nuclear Group, which is administering 
and sharing the cost of the research-development pro- 
gram. The reorientation will also seek to bring present 
contractual arrangements more in line with AEC's third 
round rules; this would eliminate some of the contingen- 
cies in the present contract and ih ges assurance 
that the prototype plant would, eventually, be built. 


JAMESTOWN SITE TURNED DOWN AGAIN 

The Advisory Committee on Reactor Safeguards has 
again advised against building AEC’s Small-Size Pressur- 
ized Water Reactor on the site proposed by the city of 
Jamestown, N. Y. This is the second rejection of the 
Jamestown site; the exclusion area, held by ACRS on 
first review to be too small, was increased to 1,500 ft 
radius; this still failed to meet AEC’s suggested 2,000 
ft radius “if possible.” AEC’s second choice as publicly- 
owned utility partner is Dairyland Power Cooperative of 
LaCrosse, Wis. Dairyland’s original site was also found 
wanting by ACRS, but it has since suggested alternatives. 


AMONG THE FUEL FABRICATORS 


A $3.7-million contract for ramjet fuel elements went to 
Coors Porcelain Co., Golden, Colo. The elements will 
be used in Tory II-C, second of the ramjet test series. 
Tory I-A, with fuel by Livermore and GE, is scheduled 
for first tests in November. The big contract, expected 
to run 2-3 years, marks Coors’ entry into the fuel ele- 
ment business; it has done other nuclear work, includin 

sealing of active wastes in ceramics . . . General Elec- 
tric invited zirconium fabricators to a seminar, called on 
them for help in developing cheaper, better zirconium 
alloys. GE laid down ifications for a zircaloy to be 
used in high-performance boiling reactors . . . Olin 
Mathieson got its first commercial core contract, to make 
second cores for the Ft. Greely, Alaska, SM-1A and 
Camp Century, Greenland, PM-2A Army package power 
reactors. Total price bid was $267,323: delivery due 
dates are Dec. 1, 1960, and March 1, 1961. OM had 
previously made fuel only for the Navy. The fully-en- 
riched stainless-UO, elements are Olin’s first cermet job 
. . » NUMEC got a $500,000 contract to produce high- 
purity hafnium crystal bars from sponge for the naval 


reactors program. 


NUCLEAR NAVY NEWS 

The 12th and 13th A-subs passed their sea trials: 
Scorpion, first of Skipjack’s five sisterships, and Rob- 
ert E. Lee, third Polaris-firing sub . . . Two days after 
first tests, by George Washington, of submerged firing 
of Polaris missiles had scored a resounding success, the 
Navy awarded construction contracts for five Polaris subs 
just authorized by Congress barely a month earlier. 
Two went to Electric Boat div., General Dynamics 
($60,113,000 hull cost, excluding reactors, for the pair) ; 
Newport News Shipbuilding & Dry Dock Co. got one 
for $32,405,000 maximum (to be negotiated); Mare 
Island and Portsmouth navy yards got one each. These 
are of the new “616” or Lafayette class—third genera- 
tion of Polaris subs, believed to be designed to fire the 


improved 2,500-mile Polaris missile. The quintet brings 
the Polaris fleet to 14, completed, building or ordered 


. . . Enterprise, the eight-reactor rcarrier—world’s 
largest ship—will be launched Sept. 24 at Newport News. 


25 





WORLD NEWS 


Ispra Agreement Finally Ratified 


By 248 to 125, Italy’s Parliament at end-July finally 
ratified the Ispra agreement leasing the big nuclear re- 
search center on Lake Maggiore to Euratom for 99 
years. The agreement was signed just a year earlier 
(July 22, 1959: NU, Sept. ’59, 30); Parliament’s dila- 
toriness in ratifying it has been a thorn in Euratom’s 
side. Euratom at once announced that the first of 500 
nuclear scientists and technicians from six countries 
vanguard of some 1,500 expected to be employed by 
Euratom at Ispra by 1962—would start arriving at once. 
Euratom said the importance of the center to it was 
shown by the fact that Euratom will spend $40-million 
in the next two years on extensions to the $20-million 
plant. Italy is slated to pour in another $15-million. 
Ispra’s major functions will be work on power reactor 
technology, instrument research, raw- and processed- 
materials research, and training of scientists. Current 
work underway on neutron and solid-state physics, metal- 
lurgy, and reactor performance measurement, will con- 
tinue. One of the new installations is to be a high- 
performance computer center for joint use by the Italian 
national nuclear program and that of Euratom. 


Italian A-Law Passed, CNEN Set Up 


After years of argument, Italy’s Parliament has passed 
a basic nuclear law—but in abridged form. The 
Colombo bill sets up an Italian AEC: the CNEN 
(National Commission for Nuclear Energy) in place of 
CNRN which dealt only with nuclear research; it will 
be an arm of the Industry and Commerce Ministry. 
The bill appropriates $120-million for nuclear research 
for 1960-64, but sidesteps mention of third-party 
liability and of the explosive issue of the roles of the 








government and private industry in nuclear eet 
i 


y shelved 


construction and operation, both temporar 
“because of the political situation.” 


Seven Nations Set Up European Forum 





Foratom, a seven-nation European atomic forum, has 
been founded by the national nuclear associations of the 
six Euratom countries and Switzerland. The Europe- 
wide organization, Forum Atomique Européen (or Fora- 
tom for short), will have headquarters in Paris. Purpose 
is to stimulate growth of peaceful uses of atomic energy 
by keeping industry and the public informed. It will 
publish an information bulletin and plans a congress in 
Paris in 1962. First president is Prof. Carlo Matteini, 
head of the Forum Italiano dell’Energia Nucleare; he 
will be followed in 1962 by Henri Ziegler of France's 
ATEN (Association Technique pour l’Energie Nucléaire) , 
and in 1963 by Hans Reuter of Deutsches Atomforum 
Britain’s position is uncertain as no national body exists. 


Sixth U. K. Report Sees Steady Progress 
Britain’s civil reactor cutback (NU, Aug. "60, 30) is a 
change in pace, not a change in policy, U. K. AEA chair 
man Sir Roger Makins rte | in presenting the Au- 
thority’s sixth annual. report. In fact, budget for the 
coming year—$261.2-million—is a slight increase over 
the current year. Receipts from AEA’s commercial op- 
erations came largely from sale of fuel slugs to the Cen- 
tral Electricity Generating Board’s civil nuclear power 
stations, and amounted to $56-million. Isotope sales, 
$3-million, increased by 25%; over half the isotopes were 
sold abroad. Steady progress without sensational de- 
velopments is the main theme of the report. 

Highlights: Thermal output of the Calder Hall and 
Chapel Cross reactors has tots uprated 15% above de- 
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sign rating, and over-all operational availability increased 
to 80% including scheduled refueling operations (an in- 
crease of 50%). It has been found possible to raise fuel 
element operating temperature without loss of reliabil- 
ity: an increase from 765° to 785° F is scheduled, with 
others to 825° to follow. In a major experiment to 
establish burnup data, the fuel charge was left in one 
Calder reactor; by March this year average burnup of 
700 Mwd/metric ton—and maximum of 2,000—had been 
obtained. AEA now believes the 3,000 Mwd/metric ton 
design figure will be achieved. Altogether 200,000 ele- 
ments have been irradiated by AEA; failure rate is still 
below 0.1%. 


France’s G-2 Back in Operation 





G-2 went back on the line after a coolant leak at the 
loading face had forced shutdown (NU, Aug. "60, 30). 
French officials said the big reactor was started up just 
eight days after the leak occurred. 


GLEEP Overhauled 

Western Europe’s first reactor, Harwell’s GLEEP 
(Graphite Low Energy Experimental Pile) was exten- 
sively overhauled after 13 years’ operation. The graph- 
ite-moderated, air-cooled, 3-kw research reactor first 
went critical Aug. 15, 1947 (NU, Jan. ’51, 3); it is al- 
most a contemporary of Oak Ridge’s similar X-10, op- 
erating since November 1943. GLEEP was modern- 
ized, its instrumentation completely renewed and partly 
transistorized, and a new control room built, after its 33 
tons of fuel (canned UO, pellets and bare uranium bars) 
had been unloaded in an argon atmosphere. The old 
fuel went to Windscale for reprocessing; GLEEP has 
been recharged with Al-clad natural-U slugs. GLEEP 
is used mex for materials and components testing. 





OEEC Liability Convention Signed 

Ten countries signed the OEEC third-party liability con- 
vention within a fortnight after it was opened for sig- 
nature. Austria, Britain, Denmark, West Germany, 
Luxembourg, Netherlands, Norway, Portugal, Sweden, 
Switzerland, have signed; seven of the remaining eight 
OEEC nations are expected to sign by Oct. 31, deadline 
for original contracting parties; Italy has indicated un- 
willingness to restrict liability to the operator. The 
convention for all practical purposes frees suppliers from 
any liability for damages resulting from a nuclear ac- 
cident. All liability is channeled to operators of nu- 
clear installations, and the liability is absolute. Liability 
limit is set at a maximum of $15-million per accident, 
but individual governments may set lower limits down 
to $5-million—although most are not expected to do so. 
The convention requires operators to carry insurance or 
other financial security up to the limit. Time limit for 
filing claims is ten years after an accident. The con- 
vention covers all reactors (except propulsion), isotope 
separation plants, irradiated fuel reprocessing plants, 
and fuel fabricating plants (except those for natural U). 
It does not cover mining activities, research laboratories 
(except those with reactors), and industrial users of 
isotopes. Five ratifications are required. 


First Nuclear Shipbuilding Rules 


Lloyd's Register of Shipping has published the first nu- 
clear ship classification rules. Provisional, they have 
been framed primarily for guidance in a changing, de- 
veloping field. Detailed requirements are laid down for 
materials, longitudinal strength of hull, pressure vessels 
and components, reactor engineering and control, and 
provision of emergency power. 
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NEWS IN BRIEF 


Pitzer Succeeds Johnson as GAC Chairman 

The 6-year terms of two members of AEC’s General Ad- 
visory Committee, Chairman Warren C. Johnson of the 
Univ. of Chicago and Jesse W. Beams of the Univ. of 
Virginia, expired Aug. 1. Johnson was succeeded as 
GAC chairman by Kenneth S. Pitzer, dean of chemistry 
at the Univ. of California, Berkeley. President Eisen- 
hower will name a successor to Beams. 


AEC’s Compliance Div. Assumes Facility Inspection 
Responsibility for the inspection of reactors and other 
facilities licensed by AEC has been assigned to the Com- 
mission’s Compliance div., effective Aug. 1. Facility in- 
spections will a supervised by Peter A. Morris, formerly 
of the Inspection div., as deputy to Compliance div. di- 
rector David Low. The Inspection div. retains authority 
over inspection procedures and inspection of non-licensed 
facilities. It will also have responsibility for independ- 
ently inspecting licensed facilities, if n . The 
Compliance div. now has responsibility for all licensee 
inspections. 


Lockheed, Martin Selected for NASA Rocket Studies 


Lockheed Aircraft Co. and Martin Co. were selected by 
the National Aeronautics and Space Administration last 
month to carry out flight-test studies for the nuclear 
rocket (NU, July 60, 24). Each gets a $100,000 NASA 
contract (winning over ten other bidders) but each is 
expected to contribute several times that from its own 
funds, according to NASA. To get “a varied point of 
view,” NASA said, it has asked each contractor to cover 
the same ground: investigate the possibilities and prob- 
lems of field-testing nuclear rockets for 3-4 launch situa- 
tions (stationary ground test, second-stage launch from 


a chemical rocket into the sea, orbital startup and self- 
launch, where the rocket is first stage). 

On completion of the 6-month studies, NASA expects 
to schedule detailed engine design, provided the Kiwi 
reactor test series proceeds without major setback; hard- 
ware development would follow engine design. 


AEC Reduces Price for Carbon-14 by 27% 


For the second time in a year, AEC has reduced its price 
for carbon-14, which is produced and marketed by Oak 
Ridge National Laboratory. Effective July 1, the price 
was dropped from $13 to $9.50 a millicurie—a 27% re- 
duction; the price had been dropped by 50% on July 1, 
1959. 


House Appropriations Unit Begins ANP Inquiry 


A Congressional investigation of the Aircraft Nuclear 
Program (ANP), sponsored by the Defense and Public 
Works subcommittees of the House Appropriations Com- 
mittee (NU, July ‘60, 22), has gotten under way in 
Washington. An investigatory team led by a member 
of the Federal Bureau of Investigation received its first 
briefing on the program at AEC late in July. Appro- 
priations Committee sources said there was nothing un- 
usual in the inquiry’s being led by an FBI official. The 
Committee has two separate staffs—administrative and 
investigatory—and the A atter is traditionally headed by 
an FBI man on loan for two years. He, in turn, is free 
to bring in other FBI personnel to conduct, or help to 
conduct, a specific inquiry like that of ANP. The in- 
vestigatory team is completely incommunicado during 
its inquiry—even to Committee members. It will file a 
report with Committee Chairman Clarence Cannon 
(D-Mo.) upon completion of its work late this year or 
early next; the report may, or may not, be published 
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when the Committee completes next year’s hearings on 
the ANP budget (fiscal 1962, beginning July 1, 1961). 
Government officials said the inquiry was administrative 
—rather than technical, presumably dealing with such 
questions as duplication of effort, funds spent to date, 
and possible cost of proceeding with two eee 
right through flight test (related story page 25). 


Martin Offers to Lease Curtiss-Wright Hot Cells 

Anxious to proceed with its strontium-90, isotopic-power 
generating program, Martin Co. has offered to lease from 
Curtiss-Wright its hot-cell complex at Quehanna, Pa., 
where the nuclear facility has been shut down (NU, July 
’60, 28). Martin needs hot-cell capacity for the fabri- 
cation of isotopic generators such as the device it is 
building for remote weather-station use and the much 
larger devices the Navy and Coast Guard are seeking 
for navigational aids (page 28). It had to drop its plan 
for building a megacurie processing facility at its Bal- 
timore honlgusstans when AEC indicated the exclusion 
area was too small. C-W’s nuclear-research building at 
Quehanna houses both a research reactor (now shut 
down) and five hot cells—three rated at 10 million 
curies, two at 100,000. The company has indicated it 
would like to lease the entire facility (and has been 
showing it to other firms) but was giving some thought 
to sharing the building—reactivating the reactor for its 
own use, leasing the hot cells to Martin. 


Business Briefs: Industry Bids on Three Projects 

In a mid-summer flurry of bidding activity, the nuclear 
industry was either bidding or awaiting action on bids 
for at least six important projects: 

1. NASA. For a low-power “mock-up” of the Na- 
tional Aeronautics and Space Administration’s Plum 
Brook research reactor, Sandusky, Ohio, there were six 
bidders. NASA asked bids for the basic critical as- 
sembly and for the assembly with modifications. Bids 
on the basic assembly (NASA providing pool and fuel 
elements): Lockheed Aircraft Corp., $495,655; Kaiser 
Electronics, $566,637; Baldwin-Lima-Hamilton, $624,- 
723; Bendix, $632,801; Curtiss-Wright, $706,960; and 
Allis Chalmers, $837,340. 

2. Shippingport. Four bids were received for two in- 
conel steam generators AEC might buy to replace genera- 
tors which developed _ stress-corrosion-caused _ leaks. 
Babcock & Wilcox and Foster Wheeler were the two low 
bidders for supply alone and for supply-and-testing— 
bidding in a range around $500,000 for each generator. 
Combustion Engineering and Westinghouse were both 
higher at more than $700,000. 

3. Army Barge-mounted Reactor. The Corps of En- 
gineers was to get bids Aug. 18 on a 10-Mwe non- 
propulsion reactor for a Liberty ship (NU, Aug. ’60, 22). 

4. National Bureau of Standards. NBS asked bids 
by Aug. 15 for detailed design of a 10-Mw, heavy-water 
research reactor for completion in about three years. 
Architect-engineer will be selected first. 

5. Antarctic Reactor. Martin’s bid was selected after 
a delay for re-evaluation of reliability by Argonne Na- 
tional Laboratory (page 24). 

6. Cobalt Irradiator. A total of nine bids were sub- 
mitted to Walter Reed Medical Center to supply a co- 
balt-60 irradiator for mice and guinea pigs iNU, Aug. 
60, 32). In the range $20-24,000 were, in order: U. S. 
Nuclear Corp., Atomic Energy of Canada, AMF Atomics, 
National Lead, Budd Co. and Radiation Applications, 
Inc. Other bids were submitted by Curtiss-Wright 
Corp., Ameray Corp. and Ray Proof Corp. 
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RADIATION NEWS 


AEC Extends Isotope Contracts, Awards New Ones 


In a burst of activity as it completed its 1960 fiscal year 
(June 30) and went into fiscal ’61, AEC’s Office of Iso- 
tope Development extended several contracts under its 
Isotope Development Program (IDP) and awarded 
quite a few new ones. Two contracts with particularly 
interesting economic aspects went to Radiation Appli- 
cations, Inc.: 1. a comparative-cost study of nuclide 
and electron radiation for graft copolymerization; and 
2. development of techniques for reducing radiation re- 
quirements for cross-linking plastics. The graft co- 
polymerization area was selected for economic com- 

ison because dose requirement is in a fairly low 
range (50-100,000 rads); cross-linking of plastics, on 
the other hand, requires as much as 15 million rads, 
where machine radiation is felt to be considerably 
cheaper than nuclide radiation. RAI will use —- 
lene and nylon as its “backbone” materials, grafting onto 
these four monomers: styrene, styrene acrilonytrile, 
methyl acrylate and vinylidene fluoride. RAI will use 
its own cobalt-60 source and rent time on radiation ma- 
chines to develop data on dose rates, temperatures, 
monomer and copolymer concentrations and pretreatment 
of monomer and 2s sane 

The second program—reducing dose requirement— 
will center on an attempt to jell polymer and monomer 
mixtures, including the mechanism of radiation cross- 
linking in polymer-polyfunctional monomer systems. 
The addition of monomer to polymer may sharply re- 
duce the radiation required for cross-linking. Other IDP 
contract actions: 

1. Universal Match Corp. Investigation of the effects 
of ionizing radiation on sedimentation of sewage, $49,- 
250. Can radiation increase the rate and/or amount of 
sedimentation by increasing the size of agglomerates or 
by coagulating sols or colloids? 

2. Battelle Memorial Institute. Extension of work 
on radiation-induced graft polymerization, $63,000. 
Emphasis on the effects of structural factors on the radia- 
tion stability of polymethacrylates, with the hope of de- 
veloping data basic to the radiation-grafting of other 
polymer systems. 

3. Armour Research Foundation. Radiation synthesis 
involving halogenated compounds, looking toward the 
creation of useful chemical compounds and knowledge 
basic to radiation chemistry and radiation processing, 
$49,900. 

4. Air Reduction Co. Promotion of chemical reac- 
tions using magnetic fields in conjunction with beta radia- 
tion, using an electrical field to restore energy to elec- 
trons produced by krypton-85, $42,000. 

5. Technical Research Group. Synthesis of semi- 
conductor materials by radiation induced reactions, an 
extension of an effort to produce pure silicon by the 
radiation-induced decomposition of silane, $38,400. 

6. Catholic Univ. The use of a _pulsed-neutron 
source and a pulse-height analyzer to detect trace stable 
. isotopes manufactured into dynamite as additives. This 
effort was scheduled at the request of the Federal Aero- 
nautics Administration, which has been attempting to 
find a detection system for bombs carried aboard air- 
liners by passengers. 

7. Georgia Tech. Radiation-induced cyanogenation 
of organic compounds—high-precision determination of 
yield values for reaction products. 

8. Evans Research and Development Co. Extension 
of its contract for development of a beta-particle back 
scatter technique for determining particle size, $48,000. 


Commerce Dept. Begins Nuclear Instrument Survey 
Officials of the Commerce dept. said last month they ex- 
pected, before September was out, to begin the first fed- 
eral statistical survey of the nuclear instrument field. 
It will be handled by the department’s Business and De- 
fense Services Administration, in cooperation with the 
Census Bureau, and will cover calendar 1959. The 
questionnaire will ask 1959 data on shipments (unit and 
value), transistorized units (proportion to nontransistor- 
ized units) and plant capacity for defense-mobilization 
purposes; it will go to 653 organizations, all of whom 
must fill out and return it under federal law. The 
census is a one-shot effort, its continuance dependent 
entirely upon the industry’s desire to have it continued 
on an annual or other periodic basis; it would not be 
continued unless industry pressure for it develops, ac- 
cording to BDSA. 


Unusually Strong Demand Develops for Isotopes 


The need of military and commercial customers—and 
AEC itself—for substantial quantities of radioisotopes 
primarily for isotopic-powered generators has put heavy 
pressure on AEC to meet delivery schedules. This was 
the situation last month as AEC’s Fission Product Pilot 
Plant (F3P) was readied for a return to service after a 
nine-month shutdown (NU, Aug. 60, 32). During the 
shutdown, the plant’s capacity was boosted and it was 
modified to permit simultaneous separation of its five 
products—cesium-137, strontium-90, promethium-147, 
cerium-144 and technetium-99; however, even as up- 
sized and in full operation, F3P cannot meet the 
strontium demand and will be pressed to meet the de- 
mand for cerium-144 and cesium-137 (this, for tele- 
therapy sources). The demand: 

Strontium. The Navy and Coast Guard have asked 
AEC’s Aircraft Reactors branch and Office of Isotope 
Development to deliver four prototype isotopic-power 
devices for experimental use as navigational aids. Two 
will be rated at 10 watts (47,000 curies each of stron- 
tium titanate) and two at 60 watts (280,000 curies); 
each service will get a large and small device. AEC 
will fabricate the smaller prototypes but will probably 
invite Martin Co. or some other firm to make the larger 
devices. Meanwhile, the weather telemetry device 
Martin is to build for AEC and the Weather Bureau 
will require some 20,000 curies strontium titanate (5 
watts). AEC is meeting this total strontium require- 
ment of more than 650,000 curies by poet half of 
it to F3P and half to Hanford, where several existing 
hot cells will be modified for strontium separation. 

Cerium-144. The fueling of SNAP 1-A (NU, July 
"60, 27), the 125-watt generator under development for 
space auxiliary power, requires 880,000 curies of cerium 
oxide by early next year. 

Cesium-137. Current order backlog for cesium totals 
130-150,000 curies, with Picker X-Ray Corp. negotiating 
for another 100,000 curies. Most of this y stem. is for 
teletherapy sources (1,500—2,000 curies each). 


13 Bid for NASA Radiation, Custodial Contract 


The National Aeronautics and Space Administration was 
expected late in August or early in September to select 
from among 13 bidders an industry manager for all radi- 
ation protection, waste disposal and janitorial services 
for the Plum Brook research and test reactor, Sandusky, 
Ohio. The cost-type contract was estimated to cover 
about $500,000 in annual managerial and radiation-pro- 
tection services, including about $300,000 in the radia- 
tion area. It will be renewed year-by-year. 
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NEW poupie-pury RCL NEUTRON ACTIVATOR produces 
radioactive isotopes and performs non-destructive 
complex analysis in minutes } 


The RCL Neutron Activator, which consists of a wheel-mounted 
source cabinet and a control chassis, generates 14.1 Mev. neu- 
trons by the H* (d,n) He* [Tritium (Deuteron, Neutron) Helium] 
reaction. The target is guaranteed to provide a minimum of 10* 
neutrons per second, for at least 100 hours. It is easily replaced 
and never needs cleaning. Neutron output is pulsed and may 
be continuously varied from 10 to 100 pulses per second. 


Pictured Below: 


Neutron Activator Source Cabinet, RCL 128 Channel Scaler-Analyzer, 
Dual-Purpose Iron Shield and Detector, and Neutron Activator Control 
Chassis. To operate, appropriate shielding is required for source cabinet. 


OPENS NEW AVENUES OF RESEARCH 


The RCL Neutron Activator System has a broad spec- 
trum of uses, extending from the production of radio- 
active isotopes and neutron activation analysis to the 
study of transients in reactors and neutron multiplying 
systems. It enables the scientist to economically produce 
in his own laboratory many isotopes which normally can- 
not be used because of short half-lives. 

Neutron activation analysis greatly simplifies and short- 
ens the time required for standard qualitative and quanti- 
tative chemical analysis techniques. In addition, since it 
is non-destructive, it may be readily automated for rou- 
tine production control. 

The RCL Neutron Activator can determine 1000 ppm of 
oxygen or 500 ppm of copper in a 1 gram sample. Sensi- 
tivity increases almost linearly as sample mass increases. 
For example, in a 200 gram sample as little as 10 ppm of 
oxygen can be determined non-destructively. Most ele- 
ments in the periodic table can be quantitatively deter- 
mined with this tec!inique. 


See RCL Neutron Activator 

















aluminum aluminum and copper 





FASTER, MORE EFFICIENT SAMPLE ANALYSIS 
The spectra above show the presence and relative amount of 
copper in an aluminum-copper sample. These spectra are typical 
of the results obtained in sample analysis when RCL's complete 
Neutron Activation Analysis system is used. 

A 54 gram aluminum sample was placed atop the neutron gen- 
erator target and irradiated for three minutes. The sample was 
then transferred to the Nal detector inside the iron shield. One 
minute counting time yielded two photopeaks; containing approxi- 
mately 15,000 counts @ 0.843 Mev. and approximately 4,500 counts 
@ 1.05 Mev. 

The procedure was then repeated with a 64 gram aluminum and 
copper sample (approx. 10 gram Cu. and 54 gram Al.). The gamma 
ray spectrum then showed a third photopeak of approximately 
9,000 counts, due to copper, at 0.511 Mev. 


September 13-15, Booth #314 RADIATION COUNTER LABORATORIES, INC. 


Chemical Society Exposition 
Statler Hotel, New York City 
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Al‘s extensive field laboratory is located in California’s Santa Susana Mountains. 


Woodcut by Edward Kysar. 


How can A.I. facilities help you plan a Nuclear Program? 


In the picturesque Santa Susana mountains near Los 
Angeles, Atomics International has built an extensive 
field laboratory for research, engineering and testing in 
the nuclear sciences. Here, and at a headquarters complex 
in the valley below, men who pioneered the creative uses 
of atomic energy are applying their experience to develop 
advanced nuclear reactors and associated equipment. 

Fourteen years of experience in developing various 
types of reactors for the Atomic Energy Commission and 
other organizations have given the men of Atomics Inter- 
national a collective background unparalleled in the indus- 
try. The facilities at their disposal are among the most 
sophisticated and extensive in the world. 

Results of AI’s work have been demonstrated in proj- 


& 


a 4 
KTR 


ects for the AEC which include the Organic Moderated 
Reactor Experiment at the National Reactor Testing Sta- 
tion in Idaho and the Sodium Reactor Experiment at the 
company’s field laboratory. Additionally, AI built and is 
operating SNAP II, a 220 pound prototype reactor to 
produce three kilowatts of electricity for space vehicles. 

Atomics International is also building large power 
reactors for electric utilities in Ohio and Nebraska under 
AEC programs. Studies are underway for other power 
reactors in the United States and Europe. Research reac- 
tors have been built by AI for Denmark, Germany, Italy, 
Japan, Puerto Rico and several sites in the United States. 

For details contact: ATOMICS INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: ATOMICS. 


-) ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


INC. 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland. Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany and DYNATOM, Paris, France. 
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This reactor, as well as those of Yankee Atomic Power Company and Consolidated Edison Company, depends upon 
commercially produced nuclear fuels. The uranium loading of all three will be entirely or in part Mallinckrodt UO... @ 
As the roster of reactor projects grows ...so does the number of Mallinckrodt nuclear customers. Whether power, 
propulsion or experimental—domestic or overseas—Maliinckrodt has unequaled experience in producing nuclear fuel 
materials. @ The core loading of Dresden, designed and fabricated by General Electric Co., will be 136,000 pounds of 
UO, (1.5% enrichment)... equal to approximately 1,800,000 tons of coal. This 180,000-kilowatt plant will be owned by 
Commonwealth Edison Company. @ Mallinckrodt produces more than fifteen different forms of uranium compounds 
and metal. Now, with the completion of an automated pellet plant, Mallinckrodt can deliver completed fuel ele- 
ments by working with metal fabricators. @ For consultation on nuclear fuel problems write or call Mallinckrodt. 


MALLINCKRODT NUCLEAR CORPORATION - ST. LOUIS 7, MO. 
THE WORLD'S FIRST AND LEADING PRODUCER OF NUCLEAR FUELS 
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HARSHAW 


MANUFACTURES 
A COMPLETE 


LINE OF 


SCINTILLATION 
AND OPTICAL 


CRYSTALS 


SCINTILLATION Mounted NalI(T1) Crystals 


Crystal detectors designed for the 
most sophisticated counting problems. 
Our physics and engineering group 
are available to assist you in your 
special detector problems. 


STANDARD 
LINE 


(Hermetically Sealed 


Crystal Assemblies) 
The accepted standard of 
the industry 

Proven through years of 
service in research, me- 
dical and industrial ap- 
plications 

unparalleled performance 
dependability 

consistent good quality 


INTEGRAL LINE 


(Crystal photo multi- 
plier tube combination 
assembly) 


Improved resolution 
Ready to use plug-in unit 
Permanently light sealed 
Capsule design facilitates 
decontamination 

Close dimensional toler- 
ances 

Harshaw guaranteed 


More detailed information is 
contained in our 32-page book, 
“Harshaw Scintillation 
Phosphors’’. We invite you to 
write for your free copy! 


Large Crystal 


MATCHED 
WINDOW LINE 


(Designed primarily 
for crystals 2” dia. 
and larger) 


“Small crystal” perform- 
ance achieved through 
improved optical design 
Low mass containers 
Available in standard 
aluminum or complete low 
background assemblies 
Convenient mounting 


flange 
Ready to use 








Every Harshaw crystal is a product of our experience 
in crystal growing technology since 1936 

Other Phosphors Available from The Harshaw Chemical Company 

ROUGH CUT THALLIUM ACTIVATED SODIUM IODIDE CRYSTAL 

BLANKS © EUROPIUM ACTIVATED-LITHIUM IODIDE (NORMAL) ¢ 

EUROPIUM ACTIVATED LITHIUM IODIDE (96% Li* ENRICHED) 


THALLIUM ACTIVATED CESIUM IODIDE © THALLIUM ACTIVATED 
POTASSIUM IODIDE © ANTHRACENE © PLASTIC PHOSPHORS 


arias 


tral: 


OPTICAL Crystals 


For Infrared and Ultra Violet Transmitting Optics 

“HARSHAW QUALITY” INHERENT IN EACH HARSHAW- 

GROWN CRYSTAL GUARANTEES THE MOST EFFICIENT 

OPTICAL TRANSMISSION POSSIBLE THROUGH: 

1) Negligible light scattering in crystals, permit- 
ting higher sensitivity and improved resolution 


2) Freedom from absorptions caused by trace 
impurities in crystal optics 
3) Minimum strain 


“HARSHAW QUALITY” meets the de- 
mand for uniformity of optical properties 
such as dispersion and refractive index. 
Prices, specifications, or other information 
will be sent in answer to your inquiry. 


The following infrared and ultra violet transmitting 
crystals are available; others are in the process of 
development: 


SODIUM CHLORIDE * SODIUM CHLORIDE MONOCHRO- 
MATOR PLATES © POTASSIUM BROMIDE © POTASSIUM 
BROMIDE PELLET POWDER (through 200 on 325 mesh) © 
POTASSIUM CHLORIDE © OPTICAL SILVER CHLORIDE © 
THALLIUM BROMIDE IODIDE © LITHIUM FLUORIDE ¢ 
LITHIUM FLUORIDE MONOCHROMATOR PLATES ¢ CAL- 
CIUM FLUORIDE ¢ BARIUM FLUORIDE © CESIUM BROMIDE 
*® CESIUM IODIDE 


Additional information on the physical and optical 
properties of the above crystals is available in our 
36-page booklet “Synthetic Optical Crystals”. Send 
for your free copy. 


THE HARSHAW CHEMICAL CO. 


Crystal Division © Cleveland 6, Ohio 


fesme 
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BIG—BUT TAKEN IN STRIDE BY B-L-H’s FABR 


Fabricating jobs like the nuclear reactor being installed 
for the AEC at Hallam, Nebr., are no strangers to 
B-L-H. We have handled such tasks many times. 

To get an idea of what’s involved, note these facts about 
the Hallam reactor: 


Reactor vessel 


© 19 ft. in diameter, 33 ft. high, welded of Type 304 stainless 
steel 

® Metal thickness range from 3% to 2 in. 

e All material subject to ultrasonic inspection; all welds in- 
spected radiographically, also with dye penetrant and helium 
leak detection equipment 


Reactor containment vessel 


* 21 ft. in diameter, 36 ft. high 

* Bottom head fabricated of carbon-silicon steel, main barrel 
section of chromium molybdenum steel 

* All welds radiographed, bottom head section stress relieved 


Keep in mind, too, the fact that for parts as large as these 

and with the limited amount of machining—the toler- 
ances call for highest accuracy in fabrication. 
Handling big fabricating jobs economically and efficiently 
is our stock in trade. So take advantage of our exceptional 
experience and competence. Consult us about your next 
project and write now for a copy of our illustrated Weld- 
ment Bulletin 7001. 

Loading face shield shel! of 


Hallam reactor being check- 
fitted to upper cavity liner 


BALDWIN :- LIMA: HAMILTON 
Industrial Equipment Division - Philadeiphia 42, Pa. 
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UNIQUE... 


simple and versatile underwater manipulation 


Central Research Laboratories’ 
model B 
canal manipulator 





If your operation has required grappling and 
fishing at the bottom of a canal or pool, Central 
Research Laboratories’ Model B Canal Manipu- 
lator may be the new tool for you. Master-Slave 
Manipulator type ambidextrous handle, wrist 
joints, and tongs are coupled by alloy tapes pass- 
ing through a cross-over housing and long vertical 
tube. This makes possible dexterous underwater 
manipulation. All submerged components are 
stainless steel for maximum corrosion resistance. 


Wrist Joint and Tong Motions 


The wide range of wrist-joint and tong motions 
insures deft and adroit handling of large and 
small objects. Squeeze motion is 3!. inches with 
an elevation rotation of 168° going from 38° back 
of vertical to 40° above horizontal. Twist rotation 
is 360° minimum at ends of elevation range, 720 
when the tong is pointed 45° downward. 

Azimuth rotation and X, Y, and Z translations 
are provided by gross movement of the vertical 
support tube. A constant force spring suspension 
supports the manipulator in the canal or pool. 

For further versatility, the Model B Canal 
Manipulator may be equipped with standard or 
special purpose interchangeable tongs of either 
the RCD-447-100 or SRL-IIA type. Vertical 
tubes of desired length are available to meet 
most requirements. 


CENTRAL RESEARCH... 
MANIPULATORS FOR EVERY NEED 

















Model 8 
General Purpose 
And Heavy Duty 

Thru-Wall 

Installations 














Model 7 Model 4 


Restricted Space Installations Over-Wall Installations Model A Sealed 


For further information on Central 
Research manipulators, accessories, or 
hot cell design problems, write: 


laboratories, inc. 
Red Wing, Minnesota Dept. 111 
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KOLLMORGEN STARFINDER 


Polaris missile submarines use the 
Kollmorgen-designed and built Type 11 
periscope—the world’s largest—for pinpoint 
fixes by celestial navigation. Reference stars 
are programmed into the sub’s stabilization 
computer in advance as celestial navigation 
coordinates. The Type 11 periscope then 
trains on a reference star, with adjustment 
by the operator as necessary, and feeds an 
error signal back through to the ship’s iner- 
tial navigation system, which is automati- 
cally corrected. The precise position data 
necessary for optimum execution of the 





submarine’s mission is thus assured. 

Send for our illustrated, twenty-four 
page brochure describing Kollmorgen ex- 
perience, skills and facilities. 





K KOLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 





NUCLEAR REMOTE VIEWING EQUIPMENT @ SUBMARINE 
PERISCOPES @ OPTICS ® BORESCOPES @ MOTION 
PICTURE AND TELEVISION LENSES @ PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 


WESTERN TECHNICAL REPRESENTATIVES 
COSTELLO & COMPANY, LOS ANGELES, CALIFORNIA 
Resumes invited from qualified optical engineers 
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SIGNIFICANT ADVANCES IN BERYLLIUM TECHNOLOGY COME FIRST FROM BRUSH 


A MATERIAL FIRST 


=]510h-) 5 ma ele> @ 


THE ONLY SINTERABLE HIGH-STRENGTH BERYLLIUM OXIDE 


«> > 
j : 
. . 


Brush is producing the first and only beryllium — ms 
oxide that is both sinterable and 99.95+% pure. 
This combination means that manufacturers of 
nuclear, electronic, and aero/space components — 
can now mass produce ceramics taking full ad- 
vantage of beryllium oxide’s remarkable 
properties. a 


BeO is an excellent reflector and moderator of 
neutrons. Its unique thermal properties include 
room temperature conductivity superior to most 
metals. It has good strength, a melting. point of 
4658° F., and is inert to chemical attack. i: 


More detailed information on versatile UOX® 
is yours for the asking. Contact us at ENdicott 
1-5400 or 5209 Euclid Avenue in Cleveland, @) 

and we will show you how beryllium oxid 

fit into your requirements for high-pe 

ceramic components. 4 


a 


THE BRUSH BERYLLIL 
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TubeXperience in Action 


Superior now offers 5 different analyses of 
stainless tubing for fuel element cladding 


Before selecting tubing for fuel element clad- 
ding in nuclear reactors, consider the stainless 
types now offered by Superior. Important 
characteristics are listed in the table, but there 
are other important advantages, too. Closer 
tolerances can be maintained than with such 
materials as zirconium or columbium and 
their alloys. Better surface finishes are avail- 
able. And higher reliability in chemical com- 
position, availability and fabrication into the 
basic mill forms needed for producing 
small-diameter tubing is possible. 


Superior Specification STC-102 outlines the 
quality and technical requirements of Nuclear 
Quality Fuel Element Tubing in these austenitic 
stainless steels. Write for your copy today. 
Superior Tube Company, 2027 Germantown 
Ave., Norristown, Pa. 
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TYPE 


REMARKS 





348 


. Good strength at elevated temperature 

. Low neutron absorption characteristics 

. Stabilized against injurious carbide precipitation 
. Most widely used analysis for this purpose 





304 


. Most economical of all alloys listed 
. Strength at elevated temperature good, but not as strong as 316, 347 


and 348 


3. Good for all-around applications 
. Excellent ductility and fabricability 





304L 


. Excellent welding characteristics 
. Best ductility, fabricability 
3. Less expensive than 316, 347 and 348 
. Lowest strength at elevated temperature of alloys listed 





316 


. Best strength at elevated temperature 

. Excellent corrosion resistance in reactor coolants 
. Good fabricability 

. Creep strength best of 300 Series 





347 





. Good strength at elevated temperature 

. Neutron absorption characteristics generally higher than those of 348 
. Stabilized against injurious carbide precipitation 

. Less expensive than Type 348 





S42 


CVO” 
The big name in small! tubing 

NORRISTOWN, PA. 
All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 2Y2 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California * FIRST STEEL TUBE MILL IN THE WEST 


Jude 
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® 
pioneer 


SERVICE 
& 


ENGINEERING CO. In 1952 Pioneer joined with other groups, all 
231 S. La Salle Street, reporting to the Atomic Energy Commission, for 
Chicago, Illinois constant study of atomic energy application. 

Today Pioneer is qualified as a consultant to 

industry in the application of atomic reactor 

systems to the generation of electric power. 

Presently, Pioneer is acting as architect-engineer 
and supervisor of construction of the 66,000 kw 
commercial atomic power plant shown here. 

Allis-Chalmers Mfg. Co. is the prime contractor. 

Scheduled for 1962 completion, the plant, for the 

Northern States Power Co., will be known as 
the Pathfinder". 
Organized as Central Utilities Atomic Power 
Associates, these utilities will share in the research 
and development costs: Northern States Power Co., 
Central Electric and Gas Co., Interstate Power Co., 
lowa Power and Light Co., lowa Southern Utilities Co., 
Madison Gas and Electric Co., Mississippi 
Valley Public Service Co., Northwestern Public 
Service Co., Ottertail Power Co., St. Joseph Light 
and Power Co., Wisconsin Public Service Corp. 
PIONEER SERVICE & ENGINEERING CO., 231 South 
La Salle Street, Chicago, Illinois 


NEw! 





Write for 40-page booklet, ‘‘Pioneering New 
Horizons in Power’’. Describes, illustrates 
Pioneer's engineering services, and corpo- 

rate services, from financing to operation. 


Sketch of “Pathfinder” 
commercial atomic power plant 
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Maximum shield efficiency: 
FEDERATED INTERLOCKING* LEAD BRICKS 


With Federated’s unique interlocking bricks, there’s no 
need to order extra thickness to safeguard against leak- 
age. Because of the unique design of the bricks, any 
Gamma rays that penetrate the first angle of a Federated 
interlocking joint will strike an equal or even greater 
depth of lead than the straight thickness of the wall! Get 
a full inch of protection for every inch of lead you buy; 
specify FEDERATED INTERLOCKING BRICKS. Federated 
also stocks many sizes of lead containers for handling 
materials with a wide range of radioactive intensities. 
For information about standard and special shapes of 
shielding lead, lead castings, lead-filled vessels and 
containers, write or call: Federated Metals Division, 
American Smelting and Refining Co., 120 Broadway, 
N. Y. 5, or your nearest Federated sales office. 

ERATED METALS DIVISION 


Patent Pending 


ANVGWOD ONINIS3SY ONY ONILIAWS NYODINaWY 


> 
7 
-* 
‘© 
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Where to call for information: 


ALTON, ILLINOIS 
Aiton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA 
Fairfax 2-1802 


BOSTON 16, MASS 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS _ 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA 
Locust 7-5129 
PITTSBURGH 24, PENNA 
Museum 2-2410 


PORTLAND 9, OREGON 
Capito! 7-1404 
ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 





new photo-chopper=-stabilized 
high voltage supply 


s41 REGULATED 











~~ 


Model 241 offers 0.05% accuracy, 
five-dial resolution from 0-1000 volts. 


Here is the successor to dc secondary standards that 
employ mechanical choppers and standard cells. The 
new Keithley 241 offers freedom from adjustment and 
calibration, long term stability to voltage or tempera- 
ture variations, and immunity to shock and vibration. 
Complementing the popular Keithley 240 supply, it 
offers greater accuracy, regulation, current output and 
floating operation. 


High output accuracy, within 0.05%, is assured through 
the use of encapsulated wire-wound resistors with 0.02% 
divider accuracy. 


Extreme stability of 0.005% per hour is assured by a 
highly stable, shockproof zenor diode, wire-wound 
standards in critical positions, and a highly stable, 
long life photo modulator which is immune to shock 
and vibration. 


Other features include a position which removes voltage 
from the output, making possible connections while 
the instrument is operating; bench or rack operation. 


KBITHLEY 


Han vot TAGE SUPPLY 


yr 7 a o- ee 
GAUIERATE 7. . wy m e e re 
© e ™ 


INSTRUMENT® 


Model 241 — incorporating tew photo-modulator — 
offers high accuracy, stability, long service life. 
2411 End Frames shown adapt unit to bench use. 


' 


BRIEF SPECIFICATIONS 


Output Voltage: 0-1000 volts, plus, minus or floating. 100, 
10, 1, 0.1, 0.01 volt steps; 5 calibrated panel switches. 
“TRIM” potentiometer permits interpolation between 
steps, with a resolution of better than 100 microvolts. 
Output Current: Zero to 20 milliamperes. 


Output Accuracy: Within 0.05% above 2 volts, within 1 
millivolt below 2 volts. 


Output Impedance: Less than 0.05 ohm at d.c. 

Line Regulation: 0.005% or 1 mv for 10% line change. 
Load Regulation: Better than 0.005%, no load to full load. 
Ripple and Noise: Less than 1 millivolt RMS. 


Stability: .005% per hour with constant load, line and 
ambient temperature. 


Recovery Time: No load to full load, less than 1 second to 
rated accuracy. 


Overload Protection: Relay disconnects output within 50 
milliseconds when output current exceeds about 24 ma. 


Price: Model 241 $775.00 


For complete details, write: 


BEIT HR LEA Y 
12415 EUCLID AVENUE 


FA. 


INSTRUMENTS. 


INC. 
CLEVELAND 6, OHIO 
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CHOOSE FROM 


190,000 


STANDARD MegopaK 
SMALL- DIAMETER 
THERMOCOUPLES 














If you’ve been looking for small-diameter, flexible 
thermocouples with high speed of response, search 
no more. You'll find exactly what you need in 
Honeywell’s MegopaK* line. 


MegopaK is a combination of thermocouple wires, 
mineral insulation and a protecting sheath, com- 
pacted into a solid mass with a diameter as small 
as 1/16”. You can get MegopaK in standard lengths 
up to 25 feet, and in lengths up to 50 feet on special 
order. They’re available with copper-constantan, 
iron-constantan and Chromel-Alumel** calibra- 
tion. In all, there are more than 150,000 standard 
combinations of materials and fittings. These top- 
quality thermocouples are supplied in bulk, and as 
elements with wires welded into a measuring junc- 
tion, or as complete assemblies. 


*Trademark, Minneapolis-Honeywell Reg. Co. 


**Trademark, Hoskins Mfg. Co. 


th 
Ca) ERING THE FUTURE 


YEAR 
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MegopaK assemblies come complete with termina- 
tions( heads, plugs, ete.) and mounting attach- 
ments. Also available are special configurations, 
tests, material and calibration certifications. 


MegopaK thermocouples and other pyrometer sup- 
plies are stocked at our Los Angeles and Dallas 
depots as well as in Philadelphia to give you the 
fastest possible service anywhere in the country. 


Check with your nearby Honeywell field engineer 
for complete details, or write for Catalog G100-4. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
—In Canada, Honeywell Controls, Ltd., 


Toronto 17, Ontario. 
Honeywell 
[et 
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Nuclear Graphite Notes from 





NATIONAL 
CARBON 
COMPANY 


DIVISION OF UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK 17,N.Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 











NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 

@ RESISTS THERMAL SHOCK 

@ EASILY FABRICATED 

@ HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 





PRECISELY MACHINED GRAPHITE 
FOR THERMAL COLUMNS 





Photo shows inner wall of an 11 foot 
long graphite thermal column. 
Graphite was chosen for this installa- 
tion because it is an excellent moder- 
ator of neutrons with low capture 
cross section. 

This wall has 30 major blocks; the 
other 4 walls have 144 accurately 
machined blocks each. In all, 1300 
precision machined graphite pieces 
are included in this thermal column. 
Close tolerances were held in ma- 
chining each piece. 
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Many Universities are now using 
Graphite Moderated Training Reactors 


Dr. E. F. Leonard, director of Laboratory Work for Columbia University, inserting a 
neutron source of plutonium-beryilium obtained from the Atomic Energy Commission. 


A recently conducted survey shows 
that many universities throughout 
the country are using graphite ex- 
ponential piles for training the sorely 
needed nuclear engineers of tomor- 
row. The survey also points out some 
of the advantages associated with 
graphite which are not found in other 
types of subcritical piles. 

Graphite offers longer neutron dif- 
fusion (approximately 50 cm) and 
permits wider fuel rod spacing to 
assure accurate flux measurements. 
Also flux distortions are easily de- 
termined in graphite piles. 

The structural and machineability 
features of graphite permit students 
to design and construct the pile. 
There are abundant experimental 
data and procedure history available 
on graphite (it’s the oldest type of sub- 
critical reactor) which permit more 


“‘National”’ and ‘‘Union Carbide’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


time for advanced experiments rather 
than basic fundamental experimenta- 
tion. 

A graphite pile also offers con- 
siderable flexibility. It is easy to 
change configuration, to introduce 
voids, to accurately position samples, 
and the pile can be operated as either 
a bare or reflected system. 


Dr. T. J. Thompson, professor of Nuclear Engi- 
neering at M.1.T., removing a plutonium-beryllium 
neutron source from the subcritical nuclear 
reactor. 


UNION 
CARBIDE 
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...- Offers 20 
SAFETY Features 


rola malt: laMm Aclit-t: f= 
Power Supplies | 


Only NJE offers the BASIC 20—safety and performance features—as standard 
equipment on Heavy Duty, Industrial High Voltage Power Supplies. There are 34 
standard catalog units available on short delivery time and at economical cost. 
NJE guarantees quality construction, reliable performance and significant 
component derating. 


Check the specs on just 2 of the 34 available. 


| BC Voltage | Current | Ripple | Price | = Se 
0 to 50,000 5 MA 2% RMS $1300. Control: 22” x 22” x 18” 
Taw: 427° ude tae’ 
0 to 120,000 5 MA 2% RMS $1850. Control: 22” x 22” x 18” 
*Tank: 27" x 22” x 22” 


*Oil not included 


Vi aut Write for full details in our complete catalog. 


a | ji = CORPORATION 
20 Boright Avenue - Kenilworth, New Jersey 


BR. 2-6000 + TWX Cranford, NJ 51 + FAX-FFP 
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Cryovac L high-shrink polyethylene film 
felgelel¥ lotto MMs) MM -](-ledcels Ms) -t- last lag loll hale): me | 
Cryovac Division, W. R. Grace & Company, 
Cambridge, Mass. 


IRRADIATION ... you bet it’s commercial! 


Here is a 2-million-volt General Electric Elec- 
tron-Beam Generator shown against the back- 
ground of a new product right out of recent 
headlines: electron-irradiated polyethylene 
film, 500% stronger and 200% more stretch- 
able — perfect for skintight packaging of 
poultry, meats and so many other items. Price 
actually challenges competitive wraps. 

Proved by profitable irradiated products, 
General Electric EBG units are useful so many 
ways in industry — for producing chemical 
changes, cross linking and polymerization, vul- 
canization, degradation, oxidation, reduction, 
sterilization, pasteurization, deinfestation, in- 
hibition, and similar applications. 

General Electric Electron-Beam Generators 
are available in a range of models to meet pro- 





duction needs. Present users include W. R. 
Grace & Company ... Raychem Corporation... 
Sequoia Division of Anaconda Wire & Cable 
... Suprenant Company. 

You'll find General Electric Electron-Beam 
Generators unequalled for high-energy output 
... proved for their production-line reliability. 
Explore the potential uses within your own in- 
dustry by contacting your nearby G-E x-ray 
office. Or write X-Ray Department, General 
Electric Company, Milwaukee 1, Wisconsin, 
Room NU-94. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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NEW HONEYWELL 290 INDUSTRIAL DIGITAL COMPUTER... 
HIGH SPEED, PARALLEL OPERATION, EASILY PROGRAMMED 


The high computation speed of the Honeywell 290 provides 
many advantages in on-line monitoring and control of 
industrial processes: 


e Higher sampling rates give closer control because each 
variable can be checked more frequently 

@ More work can be accomplished in a given time 

@ Checking and validity routines can be used extensively 

e Tasks other than process control can be accomplished 
either through time-sharing or through priority instruc- 
tions in the computer program. 


The Honeywell 290 is the first industrial digital computer 
to use parallel operation within the computer. All digits in 
a multi-digit number are transferred simultaneously from 
one element to another within the computer . . . in one 
count of the clock. Therefore a much slower clock rate can 
be used. Components are operated far below their maxi 
mum ratings—greatly increasing overall reliability, while 
permitting many thousands of program steps to be executed 
each second. 


The computer combines both magnetic core and drum 
memory. Main memory is the magnetic core type, and it 
can be supplied with capacities of 1,024, 2,048 or 4,096 
words. A magnetic drum memory with a capacity of either 
4,096 or 8,192 words is also provided—a total capacity of 
12,288 words. This combination gives you the speed and 
random accessibility of core memory with the program 
permanence of drum memory. 





MANUAL REG 


The Honeywell 290 Computer operates with standard, field- 
proved Honeywell process instrumentation in a completely 
integrated system of control. ElectriK Tel-O-Set transmit- 
ters feed process variable input data to the computer. These 
solid-state, two-wire transmitters convert temperature, pres- 
sure, flow and other measurements into electric signals. 
Various types of computer peripheral equipment are sup- 
plied by Honeywell to add flexibility to the system and make 
it easily expandable to meet future requirements. This 
equipment includes analog-to-digital and digital-to-analog 
converters, high-speed paper tape readers and punches, 
visual displays and electric typewriters. Honeywell ElectriK 
Tel-O-Set transducers make the computer completely com- 
patible with existing pneumatic process measuring and con- 
trol instruments. 


Get complete details from your nearby Honeywell field 
engineer. Or write for Catalog C-290. MINNEAPOLIS- 
HONEYWELL, Wayne and Windrim Avenues, Philadelphia 
44, Pa. In Canada, Honeywell Controls, Ltd., Toronto 17, 
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AN EXTRAORDINARY PUBLISHING ACHIEVEMENT OF OUR TIME! 


Here Are the Many 
Fields Covered: 


ACOUSTICS 
AERONAUTICAL 
AIRFRAMES : 
AGRICULTURE & SOILS 
ANIMAL ANATOMY 
PLANT ANATOMY 
ANIMAL SYSTEMATICS 
ASTRONOMY 
ATOMIC, MOLECULAR AND 
NUCLEAR PHYSICS 
BIOCHEMISTRY 
BIOPHYSICS 
CHEMICAL ENGINEERING 
ANALYTICAL CHEMISTRY 
INORGANIC CHEMISTRY 
ORGANIC CHEMISTRY 
PHYSICAL CHEMISTRY 
CIVIL ENGINEERING 
COMMUNICATIONS 
CONSERVATION 
CONTROL SYSTEMS 
CYTOLOGY 
ANIMAL ECOLOGY 
PLANT ECOLOGY 
ELECTRICAL 
ENGINEERING 
ELECTRICITY 
ELECTRONICS 
FLIGHT SCIENCE 
FOOD ENGINEERING 
FORESTRY 
GENETICS & EVOLUTION 
GEOCHEMISTRY 
PHYSICAL GEOGRAPHY 
SURFICIAL AND 
HISTORICAL GEOLOGY 
GEOPHYSICS 
GRAPHIC ARTS 
GROWTH AND 
MORPHOGENESIS 
HEAT 
INDUSTRIAL AND 
PRODUCTION ENGG. 
LOW TEMPERATURE 
PHYSICS 
MACHINE DESIGN 
MATHEMATICS 
MECHANICAL POWER 
CLASSICAL MECHANICS 
METALLURGICAL 
ENGINEERING 
METEOROLOGY AND 
CLIMATOLOGY 
MICROBIOLOGY 
MEDICAL MICROBIOLOGY 
MINERALOGY AND 
PETROLOGY 
MINING ENGINEERING 
NAVAL ARCHITECTURE 
AND MARINE ENGG. 
NUCLEAR ENGINEERING 
OCEANOGRAPHY 
OPTICS 
PALEONTOLOGY 
ANIMAL PATHOLOGY 
PLANT PATHOLOGY 
PETROLEUM CHEMISTRY 
PETROLEUM ENGINEERING 
GENERAL PHYSIOLOGY 
PLANT PHYSIOLOGY 
SOLID STATE PHYSICS 
THEORETICAL PHYSICS 
PLANT TAXONOMY 
PROPULSION 
PHYSIOLOGICAL AND 
EXPERIMENTAL 
PSYCHOLOGY 
INVERTEBRATE ZOOLOGY 


The Entire Span of Today’s Scientific, Engineering 


and Technical Knowledge Encompassed in a Monumental 
Reference Work Containing 8,500 pages of Text, 


> 800 Index Pages, 7,200 Articles and 9,700 Illustrations. 








The New 
McGRAW-HILL 


ENCYCLOPEDIA OF 
SCIENCE and TECHNOLOGY 


2,015 Contributors, including Nobel Prize Winners, Respected Leaders of Research and 
Industry ... Over 6,000,000 Words — from Concise Articles to Amazingly Comprehensive 
Treatments . . . 100,000-Entry Index ...a Wealth of Maps, Charts, Diagrams, 
Drawings, Photographs ... many more than in any comparable work of reference. 


N epoch-marking publishing venture — pro- 
viding up-to-date, authoritative information 
on all the sciences of our day — is being com- 
pleted. The new McGraw-HILL ENCYCLOPEDIA 
OF SCIENCE AND TECHNOLOGY will make readily 
accessible within its 15 volumes a vast fund of 
knowledge covering hundreds upon hundreds of 
subjects dealing with the whole spectrum of the 
physical sciences, life sciences, earth sciences, 
and engineering. 

This major work fulfills a prime need of the 
scientist, the engineer, the technician — whether 
concerned with pure research or practical ap- 
plications — whether his work is of a design or 
operating nature — whether he wants to review 
or keep abreast of the vastly enlarged knowledge 
of his own field or must bridge the gap between 
his specialty and unfamiliar areas into which 
his work leads him. 


Unequalied in Timeliness, Clarity, Depth 


This unique library makes it possible for you to have 
as near as your office, laboratory, plant, or home an 
all-knowing corps of specialists to which you can turn 
for precise, authoritative information. You can get 
answers to specific questions raised through daily pro- 
fessional activities or simply explore in a random way 
the universe of today’s scientific, engineering, and 
technical knowledge — distilled into 7,224 compre- 
hensive articles. Whatever your own field, whatever 
field your work is related to, you will find it here. 


A Work of Unsurpassed Authority 


The names of the contributors read like a “Who's 
Who” of the world’s scientific community. All are 
recognized specialists — in many instances, articles 


Vol. 18, No. 9 - September, 1960 


were written by the very person credited with new 
discoveries and developments in a given field. Among 
them are Nobel Prize Winners and others who have 
distinguished themselves for their original and sig- 
nificant work. 

Nothing comparable in breadth of conception, in 
authority, in usefulness, has ever before been offered 
in a referénce work of this kind. As an all-embracing 
general reference or a practical working tool, this 
Encyclopedia belongs in the home and professional 
library of everyone with an interest in science and 
engineering. An annual Supplement Volume keeps 
it always up to date. 

By reserving your first edition set now, you will 
enjoy the benefit of a special money-saving introduc- 
tory price. Mail the coupon for full details. 


“= MAIL THIS COUPON —— 


1| McGraw-Hill Book Company; 
| 327 West 41 Street, 
! New York 36, New York 


SS cae ae a a 


Dept. NU-9 


Please send me without obligation your pre-view 

brochure on the new McGraw-Hitt ENCYCLOPEDIA 
1) or Scrence ano TecHNOoLocy in 15 volumes; also de- 
| tails of your introductory price offer and terms of 
| payment. (No salesman will call.) 
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@ Two billion dollars 
in completed Vitro engineering projects 
include 26 research and 
test facilities —19 nuclear... 
14 which incorporate hot cells. 
Both light and heavy water moderated types 
are among the 21 Vitro reactor projects. 
These responsibilities came to Vitro 
because its technical staff 
demonstrated competence and experience 
to complete the whole nuclear job 
from feasibility study to operation. @ 


Vitra 





VITRO ENGINEERING COMPANY /A Division of Vitro Corporation of America / NEW YORK « WASHINGTON -LOS ANGELES -TORONTO / OVERSEAS: GENEVA+ MILAN» BOMBAY 
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A-1230 


Rotovaive unit for 2700-psi, 1050 F service 


A must for nuclear reactor service... valves that 


seat tighter with use 


Rotovalve units accurately control or shut off in high- 
temperature, high-pressure reactor applications, Units feature 
lantern ring with double packing, pressurized with the line 
fluid or purged to a bleed tank at lantern ring. 

One example of current manufacturing is a 10-inch Roto- 
valve unit for operation at 2500 psi, 2500 F. Also being en- 
gineered is a 12-inch size for service at 4000 psi, 4000 F. 
Still another type combines a pair of valves within a single 
housing for use on dual, concentric pipes. Inner pipe carries 
1400 F COs to reactor; outer, 700 F COz away from reactor. 

Your Allis-Chalmers representative can arrange reactor 
valving engineered to your specific requirements. He also 
supplies a complete line of butterfly valves, including models 
for air-lock valving. Contact him for detailed information, or 
write Allis-Chalmers, Milwaukee 1, Wisconsin. 


Rofovalve is an Allis-Chalmers trademark. 
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Saad 


Duplex Rotovaive unit features a single operator — controls 
1200-psi, 600 F steam, or 1500-psi, 300 F air. Operator allows 
both valves to open simultaneously, or one to open while the 
other closes. Saves space vital where entire reactor unit must 
be enclosed in radiation-proof structure. 
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200-Channel 


400-Channel 








automatic programming 
ala ie iials| 
Auto-Print 
P-Whicls a 14elae! 
Auto-Transfer 
weight less than 80 pounds 
NOT microminiaturized 
ALL coincidence features 
ferrite core memory 
memory subgrouping 
10° count capacity (10° OPT.) 
external programming 
LIVE display 
time analyzer mode 
crystal controlled live timer 
failsafe channel identification 


simultaneous print and 


record (OPT 

0.5 percent linearity 
dead time meter 
spectrum transfer circuit 


free course of instruction 


most complete and 
available line of TRANSISTORIZED analyzers 


FULLY TRANSISTORIZED . . . Most of the Pulse Height Analyzers produced today 
are transistorized units, and fully transistorized units have long been in produc- 
tion at RIDL. Full production of complete system RIDL transistorized multi-channel 
analyzers has allowed RIDL to put many units in the field and to produce additional 
available 200-channel Model 34-8s and 400-channel Model 34-12s. All models may 
be operated as one, two or four independent analyzers, or as multi-channel 
scalers (time analyzers). All models have all the best features of RIDL’s best 
analyzers. 

AUTOMATION IN THE LAB... RIDL designed the Model 34-8 and Model 34-12 
analyzers to save valuable technical man hours through providing such features 
as Auto-Print, Auto-Record and an automatic transfer circuit. A built-in crystal- 
controlled Live Timer allows automatic dead time correction. The addition of 
automatic background correction allows final data readout without laborious 
manual corrections or replotting of curves. 

AUTOMATIC DATA PROCESSING .. . RIDL builds on its maximum development 
of automatic data processing and analysis further possibilities for automatic 
data processing. To normal printing and recording is added readout on mag- 
netic tape, punched tape, and parallel or serial entry printers. This allows full 
control over programming, internal and external data format, and data processing. 
Whatever your data readout and processing needs may be, our staff is ready at 
all times to discuss them with you. 





The Model 34-8 and the Model 34-12 are part of the NEW line of instru- 
ments designed and developed by RIDL. Whatever your instrumentation 
problems, RIDL has the solution. Our staff is always available to answer 
your inquiries. For complete information on the Model 34-8 200-Channel 
Analyzer or the Model 34-12 400-Channel Analyzer, write Department JTJ 
today 
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PHONE: MUrray 1-2323 » 


EAST NORTH AVENUE * NORTHLAKE, 


Cable Address 


ILLINOIS 
RADILAB 
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A E C L announces two new REA 60 Irradiators — 
the GAMMACELL - 100 and GAMMACELL 200 


All basic features of the field-proven Bceimacell 220 are retained in the GAMMACELLS 100 and 
200. These two new. models: extend. the Gammacell line to provide facilities where high fields 
(1,000,000 RH) iri small volumes (up to 32” diameter x 5!2” height) are required. 


THE GAMMACELL FAMILY FEATURES: 


® SELF-CONTAINED — No additional shielding required. Simply set 
it in your laboratory and it’s ready to go. 


ae 8 THREE MODELS — with source strengths to suit any program and 
*. budget. 


Sate 
o£ Sots te CHOICE OF DOSE RATES —to suit your requirements —into the 
3 “ae megarad-per-hour range and with good uniformity. 
>< PK 


b SS SONHERENTLY SAFE — by construction — radiation hazard is no 


KS 





MPLE TO OPERATE — can be used efficiently by unskilled per- 
For full details of the Gam- hel; only incidental maintenance will provide years of trouble- 


macells 100, 200 and 220, free Service. 
custom irradiators, kilocurie . 


Cobalt 60, consulting services Peek Chom s ba ace Meek wee © eee. Y 


and isotopes, please write to LIiMIitrEeD 


COMMERCIAL PRODUCTS oOiviStiown 
P.0o. BSBSOR i n° i ee ome Va le We > me | 
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Energy Conversion Eamct ht Be 


* A 


is Our Business 


Allison Division, General Motors Corporation now is broadening its activities into 
NUCLEAR energy conversion. Presently, there are three specific programs underway: 


@ MILITARY COMPACT REACTOR—USAEC 


@ NUCLEAR ROCKET ENGINE—USAF 


@ NUCLEAR DIRECT CONVERSION SYSTEMS 


These new system concepts require a broadening of our nuclear capability. As a result, Allison 
Division has several key positions open for NUCLEAR specialists. Some of these involve project 
direction. If your background and experience match any of these exceptional and challenging 


opportunities, please contact us. We need: 


@A SENIOR NUCLEAR PHYSICIST 


To initiate and direct nuclear physics investigations. 
Will head Nuclear Physics section responsible for con- 
ducting concept feasibility and concept design studies. 
PhD or MS in Physics with 3-5 years experience in 
Nuclear Physics. Experience in reactor design and 
shielding analysis required. 


@2 NUCLEAR SYSTEMS ENGINEERS 


To initiate and conduct Nuclear engineering studies 
on Compact Reactor power plants and conduct con- 
ceptual design and systems analysis of Nuclear rocket 
propulsion systems. MS in Nuclear Engineering or MS 
in Mechanical Engineering with considerable advance 
courses (ORSORT) in Nuclear technology. At least 
5 years experience in Nuclear field, preferably in pro- 
pulsion area. 


@3 NUCLEAR PHYSICISTS 


To conduct Nuclear physics studies on Nuclear Rocket 
Engine, Military Compact Reactor and Nuclear Fuel 


Send your resume today to the attention 
of Mr. V. A. Rhodes, Dept. 8310 
Scientific Personnel Recruitment 


+* 
«* 


LELI. 'S ON Division 


* 


General Motors Corporation 
Box 894, Indianapolis 6, Indiana 


Cell Programs. Will perform reactor physics design 
calculations and shielding studies for high temperature 
reactor systems. MS in Physics with minimum of 5 
years experience in Nuclear field. At least 2 years ex- 
perience required in systems analysis and preliminary 
design of Nuclear systems. Experience required in use 
of IBM 704 type computer. 


@2 REACTOR KINETICS ENGINEERS 


To initiate and conduct reactor and power plant con- 
trol and instrumentation studies and design for Military 
Compact Reactors. MS in Nuclear Engineering (or 
ORSORT graduate) with 2-5 years experience in Nuclear 
instrumentation and control. Experience required in 
Reactor Kinetics design, preferably in high temperature 
reactors. 


@4 REACTOR ENGINEERS 


To conduct systems analysis and evaluation for Military 
Compact Reactor project. Will perform parametric an- 
alyses and system criteria comparisons. Graduate of 
ORSORT, or MS in Nuclear Engineering with 2-5 years 
experience. Minimum 2 years experience in reactor 
design and power plant systems evaluation. 


MOTORS 


GM 
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Victoreen Leads in Monitoring with over 
1000 Channels in the Field and Operating 


SYLCOR Plant, Hicksville, Long Island, New 
York, is equipped with the latest Victoreen 
multichannel area monitor. Centrally located 
control panel, with visible and audible alarms, 
is connected to sensing elements throughout 
plant for maximum radiation protection. 


Service b 
RCA SERVICE 


Perfected. The monitoring systems Victoreen is 
delivering today incorporate the design refine- 
ments made from experience with over 1000 
channels in field use under every conceivable 
type of ambient condition, including indoor and 
outdoor use and even under water. 


Proven. Victoreen monitoring systems have 
proven themselves — where proof counts most 
— in the field and in regular operation under the 
most adverse conditions. 


Preferred. With far more channels installed and 
successfully operating than any other manu- 
facturer, the preference for Victoreen monitoring 
is unassailable. And Victoreen continues to in- 
crease its lead in monitoring leadership. a-2z7a 


¥ 
COMPANY 


A Division of Radio Corporation of America 


The Victoreen Instrument Company 


5806 Hough Avenue « Cleveland 3, Ohio 
Export Department, 240 West 17th St., New York 17, N.Y 


Cable: TRILRUSH, New York 
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me Ob obin-ro 4 
giving 
makes good 
business 
sense, too!” 


Every business has a vital stake in the welfare of its community. The businesslike way to protect these 
interests is to support your community The United Way. Your United Fund or Community Chest Campaign 
takes care of many community needs without the confusion and waste of separate appeals. 

Your company can contribute in three important ways! m Make sure your company makes a generous 
corporate contribution. It helps protect the welfare of your employees and customers. m Help your employees 
meet their obligations through easy payroll payments. Experience shows this often doubles, even triples, 
results. m Stimulate executive participation in support of your local fund. Such participation helps safeguard 
the dollar investment made by your company and its employees. 

Remember, giving The United Way helps your community and your company. GIVE THE UNITED WAY 
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Quality costs less inthe long runs» 


v 


Zero leakage nuclear pumps 


Since 1872 
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Four BJ Liner-Motor Pumps Provide Primary 
Cooling for AEC’s SPERT-III Project 


High temperature, high pressure and high capacity performance with 
zero leakage are demanded of these four Byron Jackson Liner-Motor 
Pumps. Employed to handle pressurized water for primary coolant 
at the Atomic Energy Commission’s SPERT-III project near Idaho 
Falls, the 500 HP pumps are operating at 650° F, 2500 psig, and are 
rated at 5000 GPM with a total dynamic head of 350 feet. 

In building pumps to such critical requirements, BJ calls upon the 
engineering skills and manufacturing methods that have made Byron 
Jackson a leader in nuclear pumps for all types of reactors...station- 
ary, or portable. The success of BJ nuclear pump design is proved 
through the installation or specification of BJ Pumps on practically 
every major commercial reactor in the United States. 

BJ quality does cost less in the long run! 


Byron Jackson Pumps, inc. 


A Subsidiary of Borg-Warner Corporation 
P.O. Box 2017-A, Terminal Annex, Los Angeles 54, California 





World's LARGEST 
producer and fabricator of 


COLUMBIUM 


Wah Chang Corporation produces and supplies 
pure Columbium and Columbium base alloys in the 
form of vacuum electron beam ingots, vacuum 
are melted ingots, vacuum sintered ingots, 
tubing, sheet, rod, foil and powder 


and fabricated parts. 


| 


ee 
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Columbium ingots up to 16” diameter 
weighing up to 5,000 lbs. are available. 
Pure Columbium’s extremely high 

melting point of 4379°F is solving incredible 

temperature problems encountered in 
hypersonic travel, as well as for nuclear, 

jet and rocket powered-aircraft. 
WCC is also a major producer of Hafnium control rods. 
For technical information, write outlining your requirements. 


WAH CHANG CORPORATION 
233 Broadway, New York 7, N.Y. 


BRINGING TOMORROW CLOSER WITH NEW METALS 


Hif y 4s see (oe 


Leading 
TANT 
Preducers and HAFNIUM pai jere) jis). | NTALUM MOLYBDENUM TUNGSTEN 


Fabricators of: 


September, 1960 - NUCLEONICS 








13,000 POUND THROTTLE VALVE BODY 
MADE OF CHROME MOLY MATERIAL FOR 
HIGH TEMPERATURE, HIGH PRESSURE 
APPLICATION. 


ONENTS FOR JET ENGINES, GUIDED MISSILES AND NUCLEAR POWER PLANTS 


REFRACTORY MATERIALS FOR SERVICE TEMPERA 


CAMERON'S NEW VIEW 
OF FERROUS FORGINGS 


Cameron forgings are not like 
other forgings. In the tradi- 
tion-bound world of metal 
working they possess new 
properties, better quality and 
unusual shapes. They have 
opened new design vistas 
when high stress, high tem- 
perature or large intricate 
components were a concern. 
In less demanding applica- 
tions also, benefits have made 


of easier machining, less fab- 
rication and geater strength, 
resulting in less material and 
lighter weight. 

Cameron forging technique 
requires a complete opera- 
tion from molten steel to final 
inspection. Presses, furnaces 
and auxiliary equipment of 
our own design give com- 
plete quality control and in- 
dependence in production 
schedules. 

If Ferrous forging design, 
produceability or purchase is 
your responsibility and un- 


their appearance in the form - usual demands—economic or 
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TURES TO 5000” F—EXOTIC METALS AND MANY OTHERS. 


physical are your problem, 
write, call (Houston OVer- 
land 6-5511) or come by. 
Over ten years of successful 
case histories and a staff of 
competent specialists will 
give you a new view—help 
you get the most for your 
forging dollars. 


SPECIAL PRODUCTS DIVISION 
P. O. Box 1212, Houston 1, Texas 
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NEW 


NUCLEAR 
ALVE 


FROM 
DARLING 


10” Stainless Steel 
cylinder-operated, 150 1b. 
gate valve equipped 

with special limit switches, 


For control of 
demineralized water 


...Darling developed this special 
nuclear valve. It is but one of several 
types Darling is producing for nuclear 
applications. 

The combination of advantages 
Darling offers you includes: 


@ Flexible thinking 

@ Rigid quality control 

@ Integrated engineering- 
production 


®@ Close tolerance 
machining know-how 


Why not employ our specialized 
experience, closely-integrated facilities 
and outstanding quality reputation on 
your nuclear valve requirements? 


VALVES 


DARLING VALVE & MANUFACTURING CO. 


Williamsport 6, Pa. 
Manufactured in Canada by 
Sandilands Valve Manufacturing Co., Lid., 
Galt 19, Ontario. 
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New RCA-7746 
Multiplier Phototube with 


GUARANTEED 
PULSE-HEIGHT 


RESOLUTION 
UNDER 9% 


RCA-7746 is a new 10-stage head-on type multiplier phototube especially suited for application in scintillation counters and in 
nuclear “time-of-flight” measurements. In addition to its excellent pulse-height resolution, this tube shows very good stability, 
and is remarkably fast. Its spherical photocathode surface makes possible an extremely small spread in electron transit time. 


Another important design innovation is the enclosed in-line dynode structure which prevents both light and ion feedback 
within the tube, and provides internal electrostatic and light shielding. Together with the spherical photocathode and the 
focusing electrode, this new dynode structure enables RCA-7746 to achieve a typical pulse-height resolution of 8.5%. The 
pulse-height resolution is 100% factory tested using Cesium 137 and a Thallium-activated Sodium-iodide crystal, and is 
guaranteed not to exceed 9%. 


RCA-7746 is capable of an essentially linear current amplification of 16,000,000 when operated at a supply voltage of 2,000 
volts. Spectral response covers the range from about 3,000 to 6,500 angstroms, with maximum response in the blue region at 
approximately 4,400 angstroms. 


For further information on RCA-7746, or any of RCA’s broad line of high quality multiplier phototubes, get in touch with 
the RCA field office nearest you. If you would like a technical bulletin on RCA-7746, write RCA Commercial Engineering, 
Section I-31-Q, Harrison, N. J. 

RCA ELECTRON TUBE DIVISION FIELD OFFICES... Industrial Tube Products Sales: Detroit 2, Michigan, 714 New Center Building, TRinity 5-5600 + Newark 2, N. J., 
744 Broad St., HUmboldt 5-3900 + Chicago 54, Illinois, Suite 1154, Merchandise Mart Plozo, WHitehall 4-2900 + Los Angeles 22, Calif., 6355 E. Washington Bivd., 


RAymond 3-836! + Burlingame, Calif., 1838 El Camino Real, OXford 7-1620 + Government Soles: Harrison, N, J., 415 $. 5th Street, HUmboldt 5-3900 + Dayton 2, Ohio, 
224 N. Wilkinson St., BAldwin 6-2366 « Washington 7, D.C., 1725 *'K*" St., N.W., FEderal 7-8500 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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The Case for the Terrestrial Traveler 


Figure that every thirteen seconds American drivers motor 238,000 
miles — the distance to the moon. Increasing the efficiency, comfort, and 
safety of this incredible private transportation system (60 million 
ears!) is a top project goal of the General Motors Research Laboratories. 
From this sizable R & D program have already come a number of 
experimental controls and driver aids now being evaluated in the field. 


New ways of supplying drivers with traffic and road information — 
electronic edge-of-road detectors; communication systems for giving 


drivers audible road and emergency information. 


Simplified driver controls — Unicontrol, a servo system in which the 


driver steers, accelerates, and brakes his car with a single control stick. 


Tested methods of automatic vehicle control — refined computers and 


electro-hydraulic servomechanisms that automatically guide cars and 


control their speed and spacing. 


Underlying these developments are a continuing series of fundamental 
studies. In vehicle dynamics research: investigations of the effect of tire 
properties, suspension geometry, mass distribution, springs and 

dampers on the ride and handling characteristics of cars. In human 
factors research: experiments to determine the perception and 

response of drivers to various traffic situations using different 

car control systems. 


At GM Research, we believe such fresh approaches will improve 
car-driver compatibility, providing additional convenience and 
enjoyment for tomorrow’s terrestrial traveler. 


General Motors Research Laboratories 
Warren, Michigan 


Car pickup coils and road wiring 
used for guidance and speed con- 
trol in one experimental automatic 
highway system under study. 





announcement 


analytic apparatus now distributed by 
fm PICKER IN U.S.A. and Canada 


GED laboratory instrumentation enjoys world reknown 
for its forward concepts and precision craftsmanship. 
In joining this fine British-made apparatus to its own 
broad line of x-ray diffraction and nuclear instruments, 
PICKER is now in a unique position to serve research 
and analytic laboratories in this country and Canada 
with an apparatus line of extraordinary embrace. 


AE/ apparatus now marketed and serviced by Picker includes... 


EM-6 ELECTRON MICROSCOPE / will magnify appropriate specimens 
up to 120,000 diameters. Guaranteed resolving power of 15A . 


MASS SPECTROMETERS / of several types. Outstanding is the MS7, 
unequalled for finding trace impurities in semiconductors, metals 
and alloys. Willi detect presence of .001 parts per million. 


MICROFOCUS X-RAY ANALYZER /a specialized device for x-ray chemical 
analysis, using the Castaign method for the study of metallurgical 
specimens. Unexcelled for identification of minute impurities or 
inclusions in small samples. 





NUCLEAR MAGNETIC RESONANCE SPECTROMETER / high resolution 
spectroscopy through utilization of the magnetic resonance response of 
nuclei. Forward stride in exploring molecular structures. 


*Associated Electrical Industries (formerly known as Metropolitan-Vickers) 
is England's largest electrical manufacturer. 


FOR DETAILS /call any Picker office of the nationwide 
Picker Sales/Service organization. (See local ‘phone book) 
or write PICKER X-RAY CORPORATION, 25 South Broadway, White Plains, N.Y. 


if it has to do with RADIATION /it has to do with 
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NOW... Reactor kinetics teaching moves forward 
with advanced L&N simulator 


Using advanced components and circuitry, the latest L&N Nuclear Reactor Simulator vividly demon- 


strates the dynamics of reactor kinetics. 
Two integrated analog computer circuits perform all calculations for this educational tool. One 


circuit simulates the time variations of neutron flux. The other adds reactivity feedback from average 
reactor temperature and poison concentration. With such flexible circuitry, a variety of studies can be 
made of neutron flux and reactor coolant systems dynamics—duplicating the operation of an actual reactor. 

Before planning your nuclear reactor training program, may we suggest that you contact our 
Nuclear Systems Group. Its members will be glad to supply more information on this flexible Simulator. 
Write Leeds & Northrup Co., 4936 Stenton Ave., Philadelphia 44, Pa. 
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ADVANCES IN 


RADIATION EFFECTS 


nN gs 


1 Nucleonies Special Report: 


Designers, builders and operators of reactors and radiation-processing 
equipment need to know how radiation affects the materials they use 
‘Efforts at learning the answers are progressing from screening tests 
toward careful experiments that more nearly duplicate actual conditions 
in advanced nuclear hardware This NUCLEONICS report evaluates the 
body of knowledge that has emerged from all the data and theory accumu 


lated on radiation effects 


Where do we stand? We are acquiring a better understanding of the 
behavior of organics and metals There is the whole new field of pulsed 
radiation effects —this subject, which presently gets most of its push from 
military concern with the effects of strong radiation pulses on electroni 
devices, is proving to be ol great importance to those interested in the 
mechanisms of radiation effects. The effects of radiation combined with 
other environments is another area where experiments are replacing 
empirical relationships \ll this makes for the deeper understanding 
that will build a solid foundation of materials technology for hotter 


nuclear equipment 


Where do we go from here? From this look at the status of radiation 
effects technology it is clear that higher-temperature irradiations are 
needed, as are better means of measuring tast fluxes No less important 
are better methods and equipment for testing components under actual 
conditions to be encountered in new reactors Along with the knowledge 
from better experiments will come a more « omplete theory, though we are 
still far from the kind of complete theory that would explain radiation 


effects in practical systems from first principles 
Contents: 
Relaxing Reliance on Empirical Data 


DOUGIAS S. BILLINGTON 


Radiation Effects on Reactor Metals 
DAVID O. LEESER. 


Radiation Pulses and Electronics 
JOHN W. CLARK and THOMAS D. HANSCOME.. 


Radiation Effects on Organic Materials 
JAMES G. CARROLL and ROBERT O. BOLT. 


Combined Environmental Effects 
ELDRED L. BURKHARD 


Vol. 18, No. 9 - September, 1960 





—.P 
RADIATION 4 EFFECTS 


nf’ “y 


Relaxing Reliance 


The need for understanding creep, fatigue strength and the behavior of refractory 
metals grows as reactors go lo higher temperatures and flures. Experimenters 


need to base tests on the newest solid-state theories to get significant data 


By DOUGLAS 4 BILLINGTON, 0 if bale 0 Oak Ridge Vation ul Labor a ‘Ldae Te LNeESSEF 


DESIGNERS OF REACTORS built to dat: elied (8), but reactor irradiations, wh e more directly 


empirical data on radiation-induced changes to mater relevant to reactor problems, have involved various metals 
Generally this has been suitable. But estio ind alloys at temperatures r lov ¢ As 
concerning points such as fast-neutron effects on pres expected, damage rates as sured by electrical con 
tion-hardened alloys and the brittle fracture of ! luctivity are apprecial igh ( v temperatures 
steels, as well as gas formation and swelling ome met ut the rates still are not rh enough t ow agreement 
when exposed to thermal neutrons. In t1 t vith theory Defects ve } opper as cold as 7° K 
stand and solve these problems we see that tod n the other hand, copper’s mechanical properties (hard 
empirical data are couched in terms that are antiquat ness, tensile strengt! c.) seem relat insensitive to 
and inadequate to the task of building imp 1 re the irradiation temperature below roo mperature, bot! 
Although experiment methods have improved and | is regards the rate of strength increase and the fact that 
evolve a true and unified understanding f ite! Oo annealing occurs 
behavior, far too many gaps remain in our u I { inge are not the sa 
his article comments on recent advat react , of strength chang: 

‘ > ‘ ‘ Pe | o ' 
ie en ae Semen eee a Thermal Neutrons Cause Transmutation 


K.ven minor impurities can marked change the proper 


Theoretical vs. Actual Damage 


of reactor structul metal ne illovs when thev are 
The theory of radiation damage helps us ft l rst exm d to therma ne nd transmuted 


and predict property changes in a qualitat t become concerned abc 


strictly theoretical calculations of radiation t omponents because t 
material turn out to be up to ten tin r than t ortion in duetile 
change that actually oceurs. One ex 1 t 1 ing points that 
discrepancy is that vacancies and inter 

more extensively than present theor 

reason probably is that measurement 

spectrum are not as accurate as is needed rticularly for 

the fast neutrons that cause damags ace t 

Small changes in the flux spectrum Ze 


different types and amounts of radiat 


period of time. 
Because of such uncertainties, it t that 


irradiation test conditions must appro 
service conditions as closely as possible 
efforts continue toward improving t losimet says Soren, - 
and the understanding of recombination reactior 
Cryogenic irradiations. To get a tru ‘SUI | in 
number of defects formed in a metal tion-enect 
experiments at extremely low temperatu 
made Since most defects formed by ir t NATURE OF RADIATION-DAMAGE processes points to qualitative 
understanding of changes in material properties. Most changes 


to metals are caused by fast neutrons that produce vacancies 
and interstitials. Heavy fission fragments cause transient 


be immobile at low temperatures, the dis 
vacancies should be less likely to 


related experiments have employed fast thermal spikes and then act as impurities lcinadl niehnieia aiiet 
transmute atoms to form impurities But empirical knowledge 
must give way to quantitative understanding as the need grows 


* Operated b Union Carbide ¢ 
to extrapolate test data to future reactors 


Energy Commission 
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on Empirical Data 


Actually Seeing Lattice Changes Aids 
Understanding 


» can detect dislocations and see them 

t with one another, we have progressed 

inderstanding how radiation-produced 

i solid’s properties. Most of this prog- 

about through transmission ,electron 

thin films (15, 16). Also, by making 

ransparent solids visible we can observe 

croscopically (17-19). Recent advances 

jues prove greatly valuable in identify- 

lids and in following interactions of de- 
Fission-fragment tracks have been ob- 

er t mica sheets (22) as well as in UO, films. 
Such met ; help us to tell whether radiation-in- 
defects affect properties of a solid by direct 
teraction with the crystal lattice or by interaction with 
e defects already present [examples: many dis- 
exist in cold-worked metals ; numerous 

ing or contamination) atoms are in most 

attice vacancies usually occur in ma- 

; been quickly cooled from high tempera- 

2 quantitative relationship between 

nd kind of defects and the value of a 

property has not been established, except 

But the new “‘tools” becoming 
us on the track to the deeper com- 
material behavior that can relieve our 


a few cases 


smpirical data alone. 








ductile materials. For instance, 

tests of thin-walled tubing show that 

| such as Inconel is shorter (often by 

it of an unirradiated tube (7, 8). 

| to transmutation of B' in the 

onel to form Li’ and He‘. In time 

it the grain boundaries to weaken 

xperiments are underway to learn 

boron content changes in-pile life. 

t tests emphasize the importance of 

omponents by composition and not 

basis as is customary in other fields. 

as formation in Be, Mg. (Gas-producing reactions 

ition, not only in impurities such as 

it also in some important reactor 

ich as beryllium and magnesium (9), 

a) reaction in Be*® produces 2He* 4 

is 0.7 Mey 

1.84 Mev, has an even larger 

tion Mg?*(n,@)Ne™ also takes 
ection is only 0.006 barns 


The reaction Be?® (n, 


transmutations in beryllium do not 
y at low temperatures gut when 
bove 550° F there might be an 

lixperiments to learn volume 


rradiation at the elevated tem pera- 
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FISSION-FRAGMENT TRACKS IN UO: are made visible by trans- 
mission electron microscopy methods. At top, fragments travel- 
ing in plane of 100-A film of UO» made long tracks; fragments 
ejected out of film made very short tracks and dots (25,000 x). 
Below, bend in track shows where fission fragment collided with 
oxygen atom in UO,» lattice (50,000 x) 


ture of interest-—-it is not sufficient to irradiate at low 
temperature and then heat-treat at the proposed operating 
temperature hese two experiments are not necessarily 
equivalent and might give different answers becauss 
irradiating at 550° I probably Is equivalent to heat- 
treating above 550° F after irradiation Furthermore, 
since the concentration of vacancies and interstitials 
becomes high because of storage during the low-tempera- 
ture irradiation, the total recombination might be greater 
and thus the total increase in diffusion might be less than 
when irradiation is at high temperatures. The type of 
effect should be similar in both cases but often will differ 
in extent of change. In any event, irradiation at the 
proposed operating temperature should give the most 
reliable answer 

Swelling of control rods, fuel. The gas-formation 
problem is not serious in most reactor components at 
neutron flux levels in present-day reactors, except in 
uranium and plutonium fuels and in boron where it is a 
control-rod constitaent. Even in these components the 
problem not important where the temperature is only 
200-400° F, because at low temperatures the gas atoms 
remain locked in the lattice and do not agglomerate to 
form gas bubbles The nuclear reaction that produces the 
most gas is the fission reaction in uranium and plutonium, 


Xenon and krypton are produced in appreciable quantity 
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2 


A initial 2 
collision 


FACT THAT KNOCKED-ON ATOMS CAN FOCUS along close 
packed lines of atoms (23-26) helps explain unexpectedly long 
range of many displaced atoms as revealed by experiments 
involving dislocation pinning during low-temperature irradiation 
(27). Other experiments excellently measure range of struck-on 
atoms (28). Thus, new data should give heavy boost towarc's 
better quantitative view of radiation effects 


(12-15%) and thereby create a problem that 
all solid fuel elements particularly at high te: 
It is important to keep the gas aton 

because the lattice forces keep the aton 
tion, whereas in the agglomerated state 
force is the yield strength, which in the usua 
factor of ten lower. Agglomeration of the 
bubbles probably depends on vacan 
low temperature low mobility prevent 
Since the most likely source of vacar 

boundaries of the material, specificatior 
size should help reduce the available 


even though irradiation itself causes ni 


Precipitation-Hardened Alloys 


Fast-neutron irradiation accelerate 
tions. Neutron irradiation speed 
tions because it adds vacancies aly 
number; thus diffusion takes place 
given temperature. This bears imp 
materials that are considered for 1 
many industrially important alloy pr 
careful choice of time and temperatu 
well chose n for use in the absences ol 
might be unsatisfactory in a radiatio 

For instance, the widely used _ pre 
alloys usually depend on diffusion ti 
properties Irradiation of several 
precipitation process and makes the 
though it were 100—-300° F hotter 
(/0—-138) 
and the net result is to enable the ma 
Thus the 


stability appare ntly becomes lower 


These alloys are always 
approach equilibrium 


radiation 

Although irradiation promotes 
effect if the irradiation temperat 
defects have no mobility But the 
ire frozen mn at low temperature 


quently by heating the metal a1 
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aimusion On the other han 


enough the number of thermally gene! 


irs | 


e that the number introduced | 


ial and so will not | 


d of diffusion. 


Brittle Fracture of Pressure Vessels 


Characteristic brittlene 
iow temperature f 
i1VS has seriously col 
Under irradiation these 
brittle, but the temperati 
reases appreciab! 
iving becaust it 
ermal gradients introdu: 
sure ductile behavior the 
ed 
for some reactor 
operating temperatul 


nerely increasing the temper 
ertain types or stee 
radiation temperature 
vield strength 
the tensile str 
explanation 
be caused by small ¢ 
ching temperature 
a8 grain size 


taking 


generally 
nswers to design problems 
Boiler codes not applicable. 
rittie transition tem pe ture 
pressure-vessel steels sti 


Dlished that alt 


roperties 


out be 
conditior 
hallenging in the extrem 
Surveillance samples. 
lently how critical react 
ng-time irradiation | 
large number of 
itions where the 
1 that of the compons 
same time 


composit on 
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INCREASE induced by ir- 

pper varies as cube root of 

se while most theories 

oot dependence. Lack 

explanation seems chief hurdle 

tanding echanism of radiation- 
rdening of metals 


ynponent itsell would be 


Advanced Reactors New Problems 


Creep ea { we learned that radiation 
number of materials So, 
dropped. But since these 

volved such low temperatures 
hardening effect of radiation 
anced reactors suggests that 
re-examined—particularly if 

s thought important in creep at 
or alloy creeps by a dis- 

then higher fluxes mean higher 
and higher temperatures mean 
acancies Both these factors 

it fluxes of 10'* or 10°* nv In the 
we might expect a doubling in 


3 


irradiation at 10 nv, even 


Still, with 90°% recombination 


which seems more reasonable, 


i critical flux if the temperature 


ook at the creep proble m: (a 
reased by enhanced diffusion 
rate dislocation climb or increas« 
tate reactions that normally do 
perature under consideration 
git horten the steady-state 
is, the material might creep 
but fracture at lower total 
of failure could be extremely 
fore failure would be difficult. 
im not aware of any in-pil 
performed to learn how neutrons 


metals or alloys. 


Sut the design 
mance reactors raises increasing 
bility of fatigue failures. This 
ise of the lack of understanding 
in fatigue failure even in the 
ough it is believed that the role 
important For example the 
ied in an operating reactor might 
itions to generate vacancies, which 


rm smal 


voids CAUSING i small 
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Open symbols 
Closed symbols: Irradiated in LITR 


Irradiated in ORNL graphite reac 


weakness that then initiates a crack leading to 
Fatigue tests as a function of irradiation 
temperature and neutron flux appear needed. 

Refractory metals. Because they have very high 
melting points, the body-centered cubie refractory 
metals—such as tungsten, molybdenum, tantalum and 
hold promise and merit appropriate tests 


niobiun 


Conclusion 


The revolution taking place in our understanding of 
the nature of solids, partly brought about by radiation 
studies, forces us to re-examine all our old concepts 
ibout the behavior of solids. We believe that we have 
the experimental tools and the basic theoretical frame- 
work with which to predict the behavior of solids, and we 


need no longer rely on empirical knowledge alone. How- 


ever, complete conversion of this basic understanding into 


information for reactor design will not come immediately 
there are too many different types of solids and too many 
details, both theoretical and experimental, that must be 
filled in first 
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7, Radia, 
ssid Radiation Effects 


By DAVID O LEESER, 1fomu Power Developme nt A ( } Detroit M vc higan 


AS TEMPERATURES, pressures, stresses, lifetir to actual complex reactor environment n addition to 
ation intensities of interest for reactor desig 7 i straightforward need for more comprehensive data on 
does the need for realistic data on radiation effect met material exposed to higher neutron doses and temperatures 
structures under these conditions ve need to be able to measure and ¢ ilate the effectiv 
Design of higher-performance reactors 1 I ness of various fast-neutron spectra—which probably must 
ances that suitable materials are availabl \ iwalt experiments W ol ( ke BR-2 and Enrico 
cent tests generally substantiate earlier finding tbout Fermi fast-breeder re 
radiation effects on reactor metals they also over vital Radiation-induced chang » met ore structures and 
questions concerning extrapolation ol { test re essels are known to te< if ite il purity, grain 
-mperature, stresses ie] current work 
toward tight 
variables hes 


focused on find 





TABLE 1 Changes in Tensile Properties of Alloy Steels 


ing andembrittlement of zire 


Yield Ultimate 
Dose strength strength 


(net; >1 Mev) (10 psi) (108 p STRUCTURES, VESSELS 


8.5% Ni Although structura 


0 : ; 119 + ) 21.9 hion-resistant materia 


g cladding and contre material 


1.7 X 10" : 148 I strenuous service WW ictors nu ‘ it moderate 
1 xX 10" » 1s4 , doses questions arise i 0 \ ! t treatment and 
Carilloy T-1 

0 129 
1.7 x 10" 170 171 
1x 10% IR6 187 


microstructure affect in-pil ( rradiated steel 
more than carbon conte! it aor it extent does 
transmutation of even ti n } ol elements such as 
boron or tungsten cl 

to what t te nt are 


* Strain rate 0.5 in, /min; irradia 
components being j 





Carbon Steels 





lable 1 compares neutro! radiati etl s on the tensile 


TABLE 2—Changes in Tensile Properties of 3 Fine-Grai: 
Steels with Different Carbon Contents 


properties ot two hig! LO ri ‘ , kor hotl 
1 vield stress increa I ( timate tensile 


Yield treneth mcresases SS I ’ on-to-tracture 


Dose strength r lee ases since ¢ ) ‘ Dore ve would 
(not 1 Me 10* psi) ( expect radiation te mnge more ‘ ee stes 
t+n—I 
Steel* with 0.214, C high total kinetic 
oO 


Si 


irge! number of atom 


reaction-product-ind 


dowed b i@ stal I mart ot ril 

Steel* with 0.07% C ha ved by tl ‘ 

0 97 | PF ( its fine-grained quenched-an per tructure 
RQ? } f ) Based on experiments vitl AST M-A302B 


i x ( 07 molybdenum might not be 


Steel* with 0.05% C lue-brittle”’ effect 


1: os i this xception carbo! 
So 


that vield strengtl le} : str ’ ol rraqdiatiol 
98 .§ - ] 

temperature (6 W hile nsile rength generally in 
creases less than yiel " cases highel 
*Samples were 
temperature irradiations le: » a larger increase in tensile 
I ria im 
strength Still, true fracture stress | it greatly reduced 

Vn P S 
0.09 0.009 O.OLS l 
0.15 0.011 0.029 , 4 j and necking may beg) at or soon alter 1¢ lding the area 
0.08 0.006 0.018 0.06 


W hile unliorm elongation sharp! I S alter high doses 


reduction does not cd rease great int itron exposures 


become high 
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on Reactor Metals 


ine-grain carbon steels show less 

to-brittle transition temperature 

arbon steels; they also appeal 

lose while coarse-grained steel is 

dose might depend on both 

ind type of steel (6-10). In 

no clear superiority of the fine- 

load conditions. 

of fine-grain steel (2,000 and 

own by En2 steel irradiated at 

at 320° F (7, 11). Irradiated 

samples are brittle after exposure to 

fine-grain samples are still fairly 

wosure to six times that dose All 

iples were ductile. The brittle 

emperature of fine-grain specimens 

for unirradiated controls) to 97° I 
ito 1.9 * 10"? nvt (7). 

Other factors ne grain size alone does not neces- 
ore resistant to radiation (12, 13 
ganese steels in Table 2 contain much 
third. Even though all are fine- 
ferritic, the low-carbon steels have 
ifter exposure to 1.7 X 10'* nvt 
if these results alone, it is suggested 
loses its ductility upon irradiation. 
th a range of ferrites containing 
manganese, nickel, chromium and 

are noted on the maximum- 


juctile region of impact transition 
eems that the annealing-tempera 
radiation-induced effects. might be a 
nt of carbide and nitride formers in 
steel—and that the carbide platelets 
rather than grain sizes) give 

15 
true, heat treatment and 
an important role in the 
s to radiation effects (6, 8) 
wreases are the criteria, the 
le 3 imply that a quenched-and- 


illoy steels is the more radiation- 





TABLE 3 What 102° nvt Does to Notched-Bar Properties 
of HY-65 Steel after Various Heat Treatments 


ductile ene 


nd ten pered 


and tempered 
mm? 


empered 





Transmutations Can Effect, Too 


The direct effect that fast neutrons have on metal 
lattices is readily recognized; less well appreciated are 
the indirect property changes that can result from 
foreign atoms produced by transmutations following 
slow-neutron capture. For example, boron (which 
transmutes to Li’ and helium) and tungsten (which 
transmutes into rhenium) can lead to problems more 
serious than their concentration in some steels would 
indicate 

Consider a steel with a mere 0.004 wt % boron added 
to increase hardness. Because of boron’s low atomic 
weight this means that 0.02% of the atoms are boron 
17% of which are high-cross-section B'® atoms. The 
complete. transmutation of this quantity of B'® (not 
unreasonable in today’s high-flux reactors) produces 
an amount of helium equal to 12% of the volume of the 
steel at standard temperature and pressure. Clearly 
this amount of interstitial gas can have significant 
effects 

Experiments show that helium gas formed by trans- 
mutation shortens the creep-rupture life of Inconel 
that contains only 0.001—0.005 wt % boron. Appar- 
ently the helium collects into small gas pockets that 
weaken the grain boundaries and create stress-raising 
voids. If on top of this the Li’ enhances boundary 
deformation, the grains separate (46). Unfortunately, 
quantitative prediction of such effects lies beyond 
present-day metallurgical theory, but Oak Ridge plans 
experiments to define the effect of boron. 
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But the same test results also imply the reverse 
if absorbed-energy values are the criteria) quen hed 
and-tempered structures are less radiation-stabl Thus 
further fundamental study is needed to evaluate individual 


etiect ince they seem somewhat independent ol one 


anotlhe T 


Stainless Steels 


Under impact or shock loads, austenitic stainless steels 
IS-8 types and certain nonferrous metals offer the advan- 
tage of higher initial ductility and lack of entirely brittle 
failure (6, 14 Since there is no definite ductile-to-britth 
transition temperature for these materials, there is not as 
much concern about reactor vessels made of them as there 
is for vessels made of carbon steels. Radiation effects will 
be less severe on stainless-steel reactor vessels operating 
above 600° F than on carbon-steel vessels below 600° F. 

Pests of annealed type-347 stainless steel (smal! multiple 
notch tension specimens irradiated to 4.3 « 10° nvt in 

\ confirm that its hardness and tensile strength 
similarly to plain carbon steels—they increase up 

to a certain maximum exposure (16-18). While for the 
initially annealed material there is a linear relationship 


between measured properties and integrated flux, some- 
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What erratic results on cold-drawt 


Sie’ wsiawetiin, Wallen al oi Trends in Brittle-Fracture .Studies 


process and the activation energ Masters 
be related to the integrated flux 

After irradiation at temperature 
cold-worked and annealed type-347 
strength rises more rapidly than ult 
the vield/ultimate ratio approac! 
reduction decreases ery litth 
elongation decreases continuous! 
annealed material and eventuall 
inaterial and (d) a drop in load 

The energy of fast neutrons 
type-347 stainless steel by d 
carbide and displacing its comport 
lig | the mechanical effects 
hardne ind tensile strength 
type-347 stainless steel can be 
tures as low as 930° F. But 
treatment promotes tormation o 
at the grain boundaries 
carbon is in a freer state after irra 
this solid-state change on the 
austenitic material has not been det 

Ferritic stainless steels. Whet! 


ferritic stainless steels genera ( t t Charpy vs. Izo< 


brittle transition temperature al ( H f n e@ar 





ess (Roc 





Hardn 


a 
> 


otlssoeeetie 
af) 


Annea ng 
FIG, | HOW VARIOUS TEMPERATURES 


in type-347 stainless steel caused by exp 
(solid symbols represent unirradiated cont: 


FIG. 2. ANNEALING TYPE-347 stainless stee 
to 2 * 10°' nvt) for '» hr at 1,360° F p 
heavy uneven carbide at grain bounda 


1,000 x } 
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| reactors (25 The pitting and cracking 


; 
ited 


10'* nvt (Epithermal) Changes 
of Various Metals 


to some combination of hydrogen en 
nt caused by dissociation of the water, radiation Gost 


| energy, impregnation of fission products from the fuel 


ute strength 


Re ision between the fuel and cladding and the ten 
0 p 


it which the material operates 2t 4 
lum ina Nak-cooled systems, cracking 
d Zircaloy-2 cladding under irradiation appears 
rimarily on the irradiation temperature 
n on the presence Of sodium of Nak 
previously On the basis of available data, a 
rradiation temperature in the vicinity of 500° I 
d to exist (28) Above this, cracking does not 
below cracking may occur at low average 
of about 1-2‘ At the lower tempera 
factors important in determining whether 
wcurs are hydrogen content, onentation 
d fission-product impregnation 
pure ZrO. does not undergo phase trar 
! eutron bombardment iltho 
ub phase hange takes place in 
ontaining up to 5 wt “ of eit! 
or tantalum under moderat 





\ i . ed little by expe n ol i 
fuel cladding emperature 


production reactors } is not sub 

ypreciable stresses In-pil mesasurement 
creep rate of high-purity aluminum do 
untly during a 50-day irradiation in 


10"? ny (30 However, creep of aluminum 


} 


” enhanced unless there is a barrier t 


lificulties nterdiffusion between the fuel and cladding 


eediation 40 onl : 
A212 steel (18 Beryllium 


i 


1 500° F might result in B i potential fue clacding 


nail he , > 
e correlation with mechani- ooled power reactor But large 
rradiation Impact and OXIM | the 


USS T-1 steel welded with 


properties of beryllium be: 


n.2n) reaction resulting in 


ing subsize specimens 


irdness criteria might not be 


diation stabilit Sut the 


ed in alloving Carilloy T-1 


changes observed 


CLADDING AND LIGHT METALS 


iation on the 

As expectec 

smaller 
reduction 


USUAL 1e% 


FIG. 3. BERYLLIUM SWELLS when annealed after irradiation 
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TABLE 5—Radiation Effects on Reactor Control Materials 


( ontrol mater 


Stainless-steel : boron alloys 
Titanium-boron alloys 

Zirconium-boron alloys 

Titanium-boron dispersions 
Zirconium-boron dispersions 
Aluminum-oxide : boron-carbide ceramic 
Aluminum-oxide : zirconium-boride ceran 
Europium oxide dispersed in silicon-free a 
Stainless-steel :gadolinium-oxide dispersior 


80-silver : 15-indium : 5-cadrmium 


* Strongly temperature-dependent t De 
temperature § Depends on fast-neutron 


enttially comple te 


ae ntially con ple te 


enti ally compl te 


t omplet 





helium, and an (n,q@) reaction resulting 
helium and one of tritium. About 2 ¢1 
per cm of beryllium at 10?! nvt (fast 

in Fig. 3, postirradiation annealing ab 


in significant swelling (30, 33, 34) 


Other Claddings 


Molybdenum. Brittle failure of fu 
undesirable; it would be better if cladding 
plastically when overloaded. Althoug! 

a% maximum shift in the ductile-to 
temperature of molybdenum at about 


of change as a function of fast-neutron 





strengthens metals by decreasing unifor 
and increasing yield strength, respective 
in-pile creep tests have been attempted f 


recent in-pile tensile experiment shows 
relaxation of stress after long fast-neutror 
less than 212° F (4? 


various temperatures 


Confirmatior 


While there is still considerable disag 
investigators regarding the total relaxat 


relaxation during a hold time in_ ther: 
will be more if the sample is in tension 
in compression (48). The combined effec 
and radiation are neatly demonstrate 
radiation of helical springs made of Hay 
and Inconel-X wire along with contro 
unstressed wire. A dose of only 6 

in 560-600° F water increases the 
5-89 and decreases free length 
plastic-flow curve of the unstresse 
changes only slightly—and the effect of 

if any, is not factored into this eva 





Stiffening vs. Stress Relaxation 


Neutron irradiation reduces the du 


there has been disagreement in results 


e 


be expected, it appears that the degree 


conditiol ol in expal r Tue element 
is doubt as » th Lu of irradiated 
its use 10 
exposure irradi ( per I re perform 
reference fuel element material itsel 
vield strength of unirradiated me wdenum depends 
on temperature, decreasit from $4,000 ps! 


to 70,000 psi at 390° | Aft idiation, viel 


eth increases but, as shown in Ta the increase Is 

greater at 3590 IF than at 
level . marked yield 
point when tested at 78° F after an a il at 390° | 


temperature 


idiated molybdenum also « 


This behavior, which is in direct contrast with nickel 
ind copper, is caused by submicr op changes 
probably lattice defects that impede slip and raise the Mo 
flow stress-temperature ry Bh Actual changes 
paramete -ray line width and microhard- 
ommercial moly! na t ed alter irradia- 
F to vario fast-1 rol posures ranging 
The attice- 
\lo maximizes 
crease 
occurs trom n iT ‘ alue n most othe 
etals lattice vacancies 1 s ase moobiulit 
ind tend either to agglo t , ite eact 
faster at high temperat 
The vield atreas of molybdenu ss 
anomalous dependenc rrain s Point defects 
caused by irradiation g sti the bgrain bound 
aries to make them m«¢ 
ordinary grain boundar 
Niobium. Niobium pa b vy similarl 
to molybdenum when ex rT t After about 
102° nvt at 60° | ield strengtl ises from 61,000 
to 77,000 psi ; nealin material betweer 
260 and 345 ist arg Cr th the formatior 


ofa eld drop, o1 nom {i deformatior 


ontro 
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rer has a choice of suitable materials 
wide range of reactor applications. 
how radiation affects various control 
equirements of low-temperature _re- 
ion reactors are satisfied by boron and 
igh boron—stainless-steel control rods of 
tors have burnup limitations because of 
inder irradiation, a ductile network is 
loadings by using enriched boron. 
tors, the choice of low-cost available 
vith demonstrated performance is 
containing materials. Hafnium is 
ve and relatively unavailable. The 
im alloys and europium-oxide-—stain- 
appear feasible but are not yet 
iriety of applications. 
Rare earths rare-earth dispersions are least 
mbardment since, as with hafnium, 
s only an (n,y) reaction and high 
ut generating a daughter element. 
ss-steel-dispersion control rods are 
; rily at 500 F. 
‘he transmutation of indium to 
But since the alloy 
ition actually improves the short- 


Ag-In-Cd_ alloys 


Lime changes. 


perties 

n-containing materials. Quite the opposite is 
taining control materials, since neutron 
produces lithium and helium, which 
ombined volume than the parent. 
elatively simple to accommodate the 
a) allowing space or a manifold for 
ito, or (b) using boron as a compound 
ppreciable amounts of gas on a micro- 
this method, boron dispersions can 
nups than alloys). Even so, boron 
itisfactory for use as control materials 
it temperatures exceeding 600° F (42). 
boron compounds are more stable 
enriched in B®, natural boron lowers 
ness and increases the loading required. 
that the better approach is to allow space 

generated gases to flow into. 
Zr-base Balloys. In zirconium-base boron alloys, there 
t the lithium is mobile and diffuses from the 
site into surrounding regions of the 
nereases the extent of the radiation- 
ium migration primarily, rather than 


Ti-base B'® dispersions. Reactor irradiation of tita- 
m-ba nriched-B 


trengths and correspondingly decreases ductility 


dispersions increases yield and 


articles grow and at high doses the B' 


+ 1! 
T eS rack eTnauy 


Boron-stainless steel. The property changes are differ- 


burnup of the B'° atoms in an alloy of 
ontaining 1°% boron as 93% enriched 
itic and brittle behavior is caused by 
tinuities (in the stainless steel sur- 
usions) that result when neutrons 
helium, which collects in voids that 


eds 
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CONCLUSION 


There are only limited data available on materials for 
special application—such as magnetic compounds, thermal 
insulators and noble metals. Also, too little is known 

bout the radiation stability of precipitation-hardening 
structural alloys exposed at or near the aging temperatures. 
Because of higher design loads, higher operating tempera- 
tures and the possibility of cyclic temperature transients, 
irradiation experiments with all types of reactor materials 
must continue so as to reduce the “‘ignorance factors’? now 


going into component designs. 
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RADIATION ~~ 
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EFFECTS 


Radiation Pulses 


Jonizing radiation can introduce spurious signals, distort normal 


ones and cause permanent malfunction. Inspecting responses lo 


short pulses sometimes reveals the mechanisms involved 


By JOHN W. CLARK and THOMAS D. HANSCOME, Hughes 


RADIATION PULSES acting on electronic 
several kinds of effects. For conveniet 


them by their dependence on time: “‘dos¢ 


that persist and depend on the total dose d 
effects are those that exist only during t! 


and depend on dose rate; “relaxation 
die away gradually after a pulse Wi 


are permanent; rate and relaxation effi 
Whether a transient effect is called ‘rats 


depends on whether its time constant is s 


pared with the pulse length. 

The electronic engineer wishes to 
tion-effect mechanisms affect his 
radiation will induce potentials, caus 
the performance of his circuit elements 
is to analyze performance in terms of 
attempt to find a systematic approach ft 
that will yield radiation-resistant circuit 


Fundamental Mechanisms 


As is true of all radiation effects, thos 


of radiation can be attributed mainly to 


ionization and atomic displacements lo 


can recognize the two separately; first 
radiation that causes them and second 
effects 

Although all types of radiation 
placements come only from the mo 
Electrons and gamma rays, for exampl 
only a small number of primary dis] 
neutrons and heavy charged particles 
enough energy is delivered in ator 
primary displacements cause secondar 
fast-neutron irradiation primary kn 
energetic that a cascade process in 
displac ments can occur 

The second means of separating 
ments is by watching the tims 
usually dose effects are 
rate and relaxation effex 

It is important to realiz 
displace ment elects can 
In the alkali halick fo 
converted into atomte displace 
dislocations (/ On the 
loose coupling to the lattice 


metal can not be expected to ¢ 
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Permanent or Transient? 
Che relation 


mization 
disp! Lee 
mauctors «ce 


pres 


momet! 


(ne 


Lmipit 


neutron 1 
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and Electrontes 


diodes, operation ol which depends 
be less affected than conventional! 
norit carriers govern operation 
or microwave switching, may show 
ire subjected to transient mag- 
radiation There are no data yet 
ibout ferrites and tunnel diodes. 
portant in conventional crystal 
elastic constants in both BT 
ition reduces oscillation 
effect amounts to 0.1; Tfre- 
ibly results from ionization ol 
rrobably a permanent effect, but 
ist also. Neutron irradiation t 
wermanent point defects 


Circuit Performance 


rcuit that is to work under 

» kinds of transients: one ts 
luced in the circuit by any 
inisms; the second is a tran- 
rom a temporary change 


main cause Tor changes 


induced leakage, which 


circuit, pulsed-radi- 

network equations 

Changes in prop- 

ecome time-dependent vari- 
Kxternal leakages generally 
analvsis Charge scatter- 
iuction of current generators 
ing-force terms in the equa- 
effects are, of course, intro- 


erval, typically a few time 


is and test results come 
of radiation-resistant circuits. 
er possible use small-impedance 
nsistor flip-flops with identical cir- 
ransistors, we found that the one 
pedances was unaffected in tests 
pedance model For small 

fices in larger currents 


particularly vulnerable to 


flops we have just men- 


be prematurely triggered 


command Oscillator 
reterence tre quencies may 
ent phase or frequency 
Small-signal amplifiers 


demonstrated very larg 


Components 


ircuit compo! 
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TIME > Relaxation Effect 
wt 


RADIATION EFFECTS ON ELECTRONIC SYSTEMS are conveniently 
classified as dose effects, rate effects and relaxation effects de- 
pending how rate of change compares with pulse duration 


ipacitors and diodes lonization and excitation 
insient changes in electrical properties. In 

nsulating regions, lonization can produce leak- 
ikdown; external leakage can occur across sur- 

ghair. Charge scattering (for example from 


or Compton collisions) causes extraneous 


Resistance can decrease with release of new current 
carriers or increase with production of new scattering cen- 
ters From present data it is difficult to determine which 

ffect is predominant We have observed transient resist- 
ince increases of ~1% in 2-watt carbon-composition 
resistors exposed to gamma intensities of 2.6 10° r/se« 
produced .by 10-usec neutron-gamma pulses. Deposited 
carbon-film resistors usually show resistance changes of 
}-5% in 10'*-n/cm?/sec, 10°-r/sec neutron-gamma pulses of 
~100-usec duration. In some instances the increase was 
is great as 18% Some wire-wound resistors show negligi- 
ble change; others decrease in resistance as much as 20% 
ge is probably a leakage phenomenon rather than 
luctivity change 
ra urge resistors show greater fractional changes 
ones. This is what one would expect because 
esistance, which is effectively in parallel with in- 
ince, depends mainly on surface area 

scattering is evident trom pulses that occur 
potential difference is applied to the resistor 
itt carbon-composition resistor we have 
rv in lO-usec pulses of 2.6 kK 10 r / sec 
be independent of resistance value 

tional to physical size 
Copacitors suffer mainly from ionization-caused leakage 
ind around the dielectric (8 Any capacitor is 
to this effect, but electrolytic and paper ones 
leakage resist 


ilarly sensitive teduction of 


>» megohms is induced 1n 0.01-u! paper capacitors 
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While electronics engineers are asking what happens i 
the microsecond that follows arrival of a pulse of radiation 
chemists are asking similar questions: What molecular frag 
How long do they last 
ifetimes? What 


ffect 


ments are created in the pulse? 
How can you affect their populations and 
How can you work with them to ; 
Members of a recent Gordon Researct 


becomes of them? 
the final product? 
Conference on radiation chemistry got a good look at how 
scientists are attacking these questions Their methods 
vary from one end to the other of the long 


st of chemica 


techniques, but particularly prominent at the 
ference were chemical-kinetics theory, observatio 


(;0rdon cor 


of pulses 


spectrometry. 
If you are a theorist, your problem may 
radiation products in agiven chemical system 


be to predict the 
Perhaps you 
begin by writing down the various equations that represe 
(H.O — H + OH OH OH 


If you make simple assumptions at 


conceivable reactions 

H.O,, etc 

tion rates, your computations will tell you what f 

to anticipate, how temperatures will affect the 

will be the effect of a radical scavenger and similar 
Those chemists who observe pulses 

many techniques from flash photolysis 


excite a specimen with a pulse of light or 





by neutron-gamma pulses from Godiva I] 
(10° n/em?/sec; 10° r/see; ~100 user 
is smaller by 50% occurs in electrolyti: 

It is questionable whether an actual 
tance takes place as a rate effect. To 
temporary change one would have to produc: 
the polarizability of the dielectric; a chang 
electrons is req 


distribution of atomic 


lifetime of excited electrons is too short 
likely. 
leakage, but a bridge technique that is r 
} 


It is difficult to separate capacitat 


tive to leakage shows no capacitance « 
1%. 

Electron scattering can also occur 
and the two electrodes, but no data have 
this contribution. 

Semiconductor diodes are 


same effects as occur in ord 


nonlinear 
display the 
(S, 10, 11 

different phenomena, however, radiation eff 


Since forward and back resista 
greater than on the other. Forward resist 
on the movement of a generous supply 
through a lattice, is essentially unchanged | 
fields of existing facilities (up to 10° r/see ar 
sec). Back resistance, depending mainl\ 
a small number of carriers, decreases as tl 
released in the depletion layer. Decrea 
to depletion-layer volume. 

pulses also ove 


Reverse-current 


diodes In low-level germanium 
of 10-100 ua 


of 1-10) ma. 


ure observed: power dio 
Soth 
10° r/sec) appear to be effect 


neutrons If 
photons 


be hay wor, 
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Chemists, Too, Find Transient Responses 


irradiation of specimens at very low temperatures and mass 


Immediately afterward in time intervals neasured in 
nicroseconds and milliseconds, they pulse an analyzing light 
yurce and look for absorptions at wavelengths known to 


represent species of interest. Rates at which these absorp- 


tions disappear indicate how many species are involved in 
' 


the disappearance, how large are cross sections, et 


Low-temperature irradiations examine the same kinds 
With this technique one hopes to trap the 


Then one can look at them with somewhat 


~ questions 
ntermediates 
nore leisure than is available to the room-temperature 
One method of inspection is electron-spin- 
Another is to allow the speci- 


With constant heat flow, dis- 


pulse observer. 
resonance spectral analysis 
men to rise in temperature 
tortions in the time-temperature curve indicate exothermic 
ind endothermic reactions as molecular species disappear 
Mass spectrometrists make their molecular fragments, 
free radicals and ion molecules by firing electrons at gas 
that is entering the apparatus Then they accelerate the 
various species with electric fields and analyze with magnetic 
fields Appearance potentials’’ indicate how much electron 
energy is required to produce a certain member of the 
Variation of 


In an extension of techniques 


spectrum accelerating potentials gives a 


measure of lifetime some 


iré causing ion molecules to collide and then looking for 





products in their analyzer systems 


Internal- and external-l 


hadowed by the high sensitivi onductor diodes 


to reverse-current changes ittering trom 


diode body, which should ause of the 


1] physical size of the diodes 
iffected by 


ji) l/ 


diodes, are prin 


Transistors, like 


! Various 


Results are normally expressed as chang 


inges in conductivities of 
urrent-galn 
vr 68 and zero-bias collector curret! In general 
fields of 


decreases by at ition 


facilities gamma Lost 


“isting 
rate 10° r/see Typica ncreases by several 
indred microamperes 
infrared detectors act as resistors, but transient effects 
Thus 


length ot a 


n them are complicated by slow intrin response 


the magnitude of 
radiation pulse ead sulfide owest type that we 


LOO-use 0 ramma pulse ol 


ave tested in the 


Godiva [] we 


obser\ al I nt decrease in 


have 
resistance of 5-10° much ¢ ed by leakage 


Short bursts from plows! cause smaller 


hanges 


selenide cells al m fast ii we have 


Lead 


CAUSE ol 


with 


resistance ecrea Be 


observed 


their fast response iximum 


20-30 usec pulses 


We have observed no « 


be sma 


uttering and 
physical size 
~1 X 0.1 em 
Gas tubes ar to bre li | by ioniza 
on of the gas 


in bring about breakdow1 I flect ccur 


yratron, tor examptl de potentia 


the erid circu large scattering 1s probabl 
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causing breakdown of these gas tubes 
g in discharge, as cold-cathode types 
itor applications, are relatively insensi- 
We have observed a small increase in 
nt (a few microamperes) in Godiva II 
have tested for breakdown include 
ransmit-receive tubes used in radar 
All exhibit breakdown in Godiva II 
juired to prevent ignition of thyratrons 
volts. In the short gamma pulse of a 
10 usec, 2 * 10° r/sec) thy ratrons are 
the neutrons from Godiva play a 
effect, or linac pulses are too short to 


to build up to breakdown. 


Coaxial cables display both internal leakage and 


Effects are small, but they can be 

signal or large-impedance circuits. 
ris evident when no potential difference 
cable In sold-dielectric cables the 
cable with a positive charge on the 
net scattering of electrons outward). 
tric types such as RG62/U the net 
te; that is, a negative charge on the 
effect is much larger in the 


ults from ionization, and several 
tric eable RG59/U indicate a leakage 
onlinear with applied voltage. The 
t produced in a terminating resistor as 
d voltage. Polarity is such as to 
point: at some potential difference 
els internal leakage. This crossover 
ful in eliminating transient radiation 
cables from terminal circuitry—an 
tion in experiments on components in 


| for telemetry. 
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BREAKDOWN POTENTIALS CHANGE IN GAS-FILLED TUBES be- 
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(b) 


RESISTANCE INCREASES OR DECREASES with radiation as elec 
trons are freed and scattering centers are created. Effect that 
predominates determines whether net result is increase or decrease 


TRANSISTORS SHOW DECREASE OF BACK RESISTANCE as 
charge carriers are created in usually empty depletion region 
Dependence on minority carriers makes effect large 





Applie 


CABLE INSULATION shows a nonlinear resistance decrease in 
radiation pulses. Charge scattering plays a part also, and two 
effects will cancel each other at some cross-over potential 
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RADIATION 4 EFFECTS 


Ba tadiation [ffects 


Crosslinking and cleavage are radiation effects that are damaging to organic 
materials as well as useful for producing organics having unique 
properties. Advances in these areas are leading lo materials with better 


radiation resistance and lo new products, for erample in the polymer field 
By JAMES G. CARROLL and ROBERT O. BOLT, California Re 


MATI 





istomers 
fects Of radiation 


ils can tolerate are 





All | Aib iee of ' issing the present understanding o 
emorittle spect, the following discussi« 
Lop racdiatior 
I plast 
Mostlose 


‘tensile a as LUBRICANTS 


strength 


ter 


IMmMmMon 
nes 
usable All ga gent in 


6 Some soften Some softer ves to radiolysis 
{QO --~— ---- —— 


Elastomers Plastics ybricants 


stability of the 
radiation resistan 
FIG. 1. RELATIVE SENSITIVITY of organic materials to radiation 
(10° rads are lethal to man; most metals and ceramics are 


usable above 10!” rads) ) 
itter have 





Polypheny! Ethers 
TABLE 1—-Radiation Resistance of Base Oils Both substituted 


IT] 3s ( yventiona 
Radiatio : nduced changes 
nal stability 


Thresh 


Polyphenyls 
Polypheny! ether 
Alky| 1romati 
Polyglycol 
Mineral oil 
Methylpheny! silicon 
Aryl esters 
Silicates 
Disiloxane 

Alkyl diester 
Phosphate 

Alkyl silicones 
Olefins 


* Irradiations in mert attr osphere 

+ Based on the most enasitive lub 
viscosity or acidity Threshold dose 
which performance of a material is 


the dose at which a material becomes use 
hase 
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on Organic Materials 


an 1/0, 11) resists effects of shear, 
sis and should be stable up to 500° F 
hough the fluid was not irradiated 


{7.5 X 10* rads caused no major 


with an aromatic additive has 


i grease (12), 


Although bearing 
sharply after 7 10 rads in statis 
dicated good bearing performance. 

2,500 hr at 6,400 rpm in an inert 


ng test (72); failure came only after 


r 


Conventional Lubricants 


iromatic mineral oils gelled with 
nthrene Blue RS) (18) retained good 
sts conducted in a gamma source to 
tests confirmed that mechanical sta- 
yperty most sensitive to irradiation. 
neral-oil grease reportedly has good 
t 14 The product operated in 
r 5,000 hr at 300° F in CO, to about 
ese data show that special gelling 
sults in selected conventional oils. 
neral oils and greases have ade- 
or central-station (145, 16) and 
ir power plants. Several of these 
~108 rads (18). Steam-turbine 
10’? rads (19). The oxidation 
ial fluids lose their effectiveness 


ind are almost completely inef- 


COOLANTS 


the first core of the Organi 
nt accumulated 958 Mwd 
biphenyl, 46% o- 
p-terphenyl). The 
encouraged further research 
charge and make-up 


rk follow 


Radiolysis Mechanisms 


products (particularly the 
2?) as a basis for applying 


separation st hemes to the 


the key to understanding 

sus deuterated biphenyls 

The radiation attack 

ortho-, meta- and para- 

ymer formation, it is be- 

ng of hydrogen atoms by aro- 
ing of these reactive spec ies, 
irradiated at low gamma doses 


products that may be precursors 
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of undesirable secondary or final products (#4). Hydro- 
genated polyphenyls were identified as intermediates. 


Reconstitution, Radiolysis Inhibitors 


Chemical methods are being studied to reconstitute de- 
graded products. For example, catalytic hydrogenolysis 
has converted higher-molecular-weight polyphenyls to 
lower polyphenyls with only minor attack on aromatic un 
saturation (25, 26). This technique was successful with 
OMRE high boilers, although some carbonation was ob- 
The method should eventually produce ac- 
ceptable low-cost reactor-coolant feed material. 

To determine the effectiveness of chemical additives 

»y 28). fiftv-six additives were tested in 2% concentration 
in OMRE coolant (21) to 3-4 X 10° rads of gamma radi- 
ation at 580°-750° F. Ten reduced polymer and gas yields 


served (26 


significantly. A benzpyrene reduced both indexes by 
50% In other work (29), 5°% thianthrene in bipheny! 


reduced decomposition by 20-30% in reactor exposures. 


Low-Cost Coolants 


Low-cost petroleum-refinery streams were investigated 
for coolant application. Preliminary data (80) indicate 
that the best materials are roughly equivalent in thermal 
stability at 750° F to polyphenyls at 920° F. 
tions have yet been conducted. Other low-cost streams, 


No irradia- 


é phenanthrene and anthracene derivatives, appear 


promising in static irradiation tests (63). 


Radiation Rate and Type 


There is general agreement that, within a factor of 104, 
dose rate has little effect on polypheny! degradation in non- 
oxidizing systems. 

There is controversy, however, over the relative effects 
of radiation types. Experiments at Harwell and in the 
U. S. confirm that the polypheny! starting material dis- 
ippears at the same rate for gamma and for electron ex- 

osures This is expected because the dominant effect of 

is is electron scattering via the Compton process 
Harwell finds that polyphenyl decomposition 

n exposures in their BEPO reactor are signifi- 

higher than from comparable electron irradiations 

The difference is attributed to the reactor fast 

flux. These differences are important in the ex- 
trapolation of radiation-effects data from one facility to 
another in which the neutron-to-gamma ratio is different 

Workers at Atomics International argue that these ini 
tial effects are of no practical significance if the high-boilet 
content is >17% (83). At these levels, decomposition 
rates are independent of the radiation type. In fact, at 
~20°% high-boiler content, Harwell data indicate lower 
decomposition rates than do ATI results. 


PLASTICS 
2 ranks plastics with respect to their radiation 
$4, 36). 
liation alters the properties of plastics in the follow- 


i) Crosslinking increases tensile strength, hard- 


79 





ness and elastic modulus, though impact 
affected directly. (b) Scission reduces tens 
hardness. The changes can be related 

* 


tion yields (G values*) for crosslinking 


Polyethylene 


Polyethylene, both the branched and 
density, linear types, has been studied re 
all other plastics combined. 

The major effects observed are (36) hy 
crosslinking, increase in unsaturation, dest: 
tallinity, color changes and oxidation 
oxygen). Crosslinking is the most important 

The mechanical properties of irradiated 
depend markedly on dose and, where ct 
present, on the temperature of testing 


changes occur in the dose ranges indir 


*(/ value is number of molecule 


of radiation energ ibsaorhed 





General Effects of Radiation 
on Organics 


Radiation changes organic substances 
routes. crosslinking (or polymerization 
cleavage Hydrogen is evolved, and 
formed in the residual organic molecule 
side reactions, depending on the molecu 
involved 

Crosslinking is manifested in liquid 
increase; in solids by increased hardness 
ness. Cleavage (the formation of lower 
weight materials) results in less viscous: 
softened (or even semifluid) solids 

Molecular structure is the largest factor 
radiation stability, which varies 1,000-f 
organics. The most stable compounds con 
matic rings; least stable are those having 
unsaturation 

The use of additives to protect less re 
rials is now widespread. Additives are 
in the least stable materials, but ever 
increase the radiation dose required for 
by more than a factor of 10 

In general, the gross effects of radiat 
sence of time-dependent factors sucl 
depend only on dose and are independent 
Theoretically, very high dose rates 
different behavior; but this has not 
established by experiment There 
vincing evidence that neutrons are 
than electrons, but most prior infor 
the “equal-energy-equal-damage™’ con 
of the type of radiation. 

Radiation does not change all! propert 
organic material to the same degree Th 
property must be specified in consideri 
life of a given material. In any event 
lives will generally be obtained with con 


in aromatics and with radiation expos 


atmospheres at moderate temperatures 
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TABLE 2—-Radiation Stability of Plastics 


esholid dose 
change* 


ads 


Polvstvrenet 

Phenol formaldehyde 
lyester (mineral filles 

Polyvinyl chloride 

Polyethylene 

Urea formaldehyde 


\Monochlorotrifluoroethylene 


+ 
+ 


Cellulose acetate 
Phenol formaldehvde 
Methyl methacrvistet 


ter (unfilled 


trafluoroethvlens 





0-10 megarads. Branching an rage molecular 
eight increase, often leading to increased tensile strength 
ibility and melting point are unchanges hough bulk 
ISCOSITY Increases 
10-200 megarads. 
er consists of two ] iquid colloidal disper 
n) and a gel Mechanical De! ire modified by 
educed crystallinity an gel ne Properties 
temperature-sensitive 
200-500 megarads. A transition region occurs w 
ystallinity has been almost destroyed, and density 
nks determines primari he mechanical properti 
he material is between the 


tages and tends to crumble under str 


>500 megarads. Polyethylene acqu 


tructure and has a hig! 
is 10 
irom Crossunk 
long-chain |] 
d main-cha 
iffects the 


ceptibiit 


shown betwee! 
unsaturate tormatio 


ior increase 


hylen Phere 


lvethvilene radio 


n irradiathe 
and dosimetry 
disagreement 


When polyethylene 
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) 


, the resulting properties are supe- 
mically-produced materials. Electron 
i fivefold increase in tensile strength in 
ethylene sheets A product of this sort 
luced by W. R. Grace (43), joins General 
Irrathene and Vulkene, Tube Investments’ tapes 
polyethylene-coated wire as a commercial ma 


rradiation 


Other Polymers 


mers predominantly cleave on irradi- 
arison of the scission energies of poly- 
ite) and poly(pheny! methacrylate) with 
atic methacrylate polymers shows a 
effect of the benzene ring (44). It is 
nzene derivative, indicating an effect of 
molecule. A similar protection by the 
bserved in copolymers of styrene and 
shown in Table 3 (46) 
protect plastics from radiolysis. Aro 
ire most effective in poly(methyl metha- 
somewhat reverse effect was noted (48) 
oride) plasticized with dioctyl phthalate. 
tic usually crosslinks above 2 X 10’ rads, 
ionomer |e.g., poly(ethylene glycol) 
suses crosslinking at 10° rads and pro- 
improved thermal stability and tensile 
The additive apparently undergoes 


graft copolymerization. 


Graft Copolymerization 


( ( I rization is of interest in preparing new poly- 

lom copolymerization, the product proper- 

ntermediate between those of the constitu- 

nrandom arrangements, it 1s possible to 
ructures 

on in which a desired side chain is grafted 

er backbone is particularly important 

cl niques are possible, int luding 


radiation of the polymer and the 


f the polymer in vacuum followed by 
t with the monomer 


the reactions possible with the 


ive been grafted by the preirradia 
(;railts of styrene to polyethylene 


to temperature and air and particularly 





TABLE 3—-Gel Formation” 


Gel formed 


gamma-irradiated to 10 
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TABLE 4——Crosslinking of Plasticized PVC 


Gel yield (% 


* 
on dose 


% Poly(ethylene glycol)dimethacrylate 


rad. 0 #0) 


radiations at 77° ] 





to cose | ig. 2 The copolymers were more homogeneous 


than those prepared by other irradiation techniques 


ELASTOMERS 


Table 6 rates elastomers (high-molecular-weight flexible 
polymers) according to radiation resistance. 

Scission and crosslinking (53-64) alter such rubber prop- 
erties as tensile strength, hardness, elongation and com- 
pression set. The most significant recent development is 


the use of additives (antirads) to produce radiation-resist- 


int rubbers mf a8) 


Antirads 


Several antirads incorporated in a carbon-black-filled 
natural rubber (46, 57) were irradiated in air, nitrogen and 

wuum (Table 7). Scission was determined by stress- 
relaxation* and crosslinking by swelling techniques 

All antirads shown in Table 9 decreased crosslinking in 
vacuum. Crosslinking was significantly lower in air with 
no antirad present; i.e., oxygen functioned as an antirad 
Some antirads enhance this effect of oxygen 

However, oxygen accelerated scission. In air, all anti 


in Table 9 decreased scission to 11-66% of the value 


* WI rubber is stretched and held at a fixed strain, the stre 





TABLE 5 Polymer-Monomer Radiation Grafting 
"| Con 
verled 
VU onomer monomer 
and Dose* in Type 
per cent megarad copolymer grasl 
Styrene, 21 16.5 Total 
Poly (methy ne Degraded 
methacry late 
Poly (2,5-dichloro 3! 2 lotal 
stvrene 
l'eflon stivre Surface 


Polyethylene Styrene : 2 Tota 


1 temperature Co® irradiations. 














20 


Time in Contact with yrene (hr Styrene Polymers (wt 





FIG. 2. GRAFT COPOLYMERIZATION of lystyrene and FIG. 3. INCREASED RADIATION RESISTANCE is obtained by 
polyethylene (temperature of irradiation, 86° F; temperature ncreasing aromatic content of styrene-butadiene copolymer 
styrene, 72° F; dose rate, 265,000 rads hr) using preirradiatior Incorporation of styrene in copolymer molecule is compared with 
technique; polyethylene was irradiated then contacted styrene nixtures of the two polymers 


for the uninhibited material ud e im] es d 
sion in the absence of air by 
SCISSIONS OH) gO, ) involve only 


that rapidly recombine 


New Polymers 


Antirads sometimes leach out or 
from the rubber. Thus, research has 
chemically Incorporating antirad YTOU!T 

Emulsion polybutadiene treated wit! 
formed adducts involving carbon-carbo 
the original polymer (59 In compat 
zates prepared by normal technique 
showed increased resistance to gamma 
good thermal and ozone stability So 
more resistant to radiation than natura 
larly at temperatures up to 200° | 


Increasing the aromatic content of 








TABLE 6~-Radiation Resistance of Elastomer: TABLE 7_— Effect of Antirads in Natural Rubber 


V ate rial 


Polvethylenet 

Polyisoprene (natural rubber 
Styrene-butadiene rubber 
Nitrile rubber 

Neoprene rubber ! 

Silicone rubber? 

Buty! rubbert 
Fluoroelastomerst! 

Acrylate rubber? 
Polysulfide t 


* Based on the most 
tensile strength 
t Crosslinks predominantly 


t Sc isions predominant] 
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Vuicanization 


irradiation continues to br 


high resistance to ther- 


solvents and chemically 


without heat 
que 
hy} 


1b 


ntrast to sulfur vulcanizations 


ixation depe nds on the cross- 


irradiation vulcanizates 
gher resistance aging 
irance to repeated di 
ation 
vulcanization of elastomer 
hoses and gaskets In gen 
is predictable from the be 
the component An inter- 
mization of aircraft and 
d tubeless tire having a 
arcass With Dacron cord 


rads in nitrogen. Tests 
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a 
RADIATION 


nf * 


B 
¥ 


By ELDRE 


ISNVIRONMENTAL CONDITIONS 
media, stresses—often exert a great influ 
effects of be 


materials show sizeable radiation damage 


radiation will on materia 


tain temperature threshold; changes in 
irradiation can differ markedly for a m 


under dynamic stress and when it is stress { 


atmosphere can determine whether or 
Although we 


can make generaliz 


enhance corrosion rates. 
the point where we 
influence of environments on radiation 
classes of materials, a review of the presen 


some emergent patterns which we discus 


Temperature 


In metals, the temperature during irradiat 
whether erystal defects will be “locked in ir anneal out re 


hence, in general, a metal subjected to a 


sustain more damage at a low temperatur 


temperature. 


In organics, no such generalization is pe 


quite sensitive to the physical state and sp 


properties. However, some conclusion 


specific kinds of organics. 


In elastomers for instance, radiation a1 
Both higher temperatures 


similar effects 
radiation exposure generally increase the 
these Dose 


a negligible 


materials however 


effect 


rate, 
on 
clastomers (71) 

For some of these materials the temper 
a critical value before temperature et 
instance a group of butadiene acrylontril 
while under static 


65° F to 200° F. Although the 


exposed compression 


from 


prot 


FIG. 1. EFFECT OF TEMPERATURE on re- 
laxation time of rubber exposed to 1.76 
10° rep hr of gammas in air. Stock name 
with initial stress (in psi at 25° C): 1—Black 
GR-S (152 9); 2 Gum Natural (85.7); 3 
Black Natural (238.2); 4—Gum GR-S (33.4); 
5—Biack Hycar 1002 (243.7); 6—Black 
Neoprene GN (230.0); 7—Gum Neoprene 
GN (102.1) 
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temperatul 


are nowhere nea during gamma 


2 } . rt Tress 


permanent racdiat 


EFFECTS 


D L. BURKHARD, 


I permanent 


’ ' vi ? ul 
‘ ( | 


lation 


Is: Sor Or thin statistical 


highest te mi pe rature Investig: 


) properti t erature 


iterial whe ut | higher temperatures 


1 shows the effect of heat combine 


| wure 


m on seven 


itions 


effects rb ’ I en elongated by SO, 


t data r f e 1s to 
relaxation 


odulus of 


Divisvon of General 


detorm 


eX posure 


for these materials; w 


rubber 
irradiations in 
juired for a 50°% decrease in 


accelerate 


rubber 


Jlombined 


Dunan u Corp Fort W ort Texa 


ition INCTeASE vith increasing 


erature effect 
Apparently the 


(2? there was no tem! 


variation of the tests 
vas not a critical tem- 
would « rpect irradiations 


to accelerate the damage. 
d with radia- 


Thes 


represent 


data, obtained 


stocks >). 
air the time re- 
the tension to oc¢ 

The effect of increasing tempera- 
stress Phe 


the nange 1 


ur In a specl- 


relaxation continuous 


that n Young’s 


is @y ide nee 


under constant elongatio caused 


olely through breaking of molecular chains 


Workers have 
at 


ects of concurrent heat and radiatior 


] 
mpl 


eparate effects of radiation and heat aré 


ySSIT ial re 

that 
ire s mply 
prene GN 
tor 
SE-750 


ynergis 


ott he 
ite and te 


Phe 


Cm pe 


ner 
ratures 
| 


CeSSIVELY / 


tor hipnhe ny 


VISCOSITY CHANGE with tem 
value at 600° F) in 
irradiated biphenyl 
nately 2 10'* thermal 
plus and fast 


FIG. 2 
perature (relative te 
critical region f 
approxi 
per cn 


Dose was 


neutrons gammas 


neutrons 


Bipheny! was exposed in Brook 
Curve 
decomposition above 800° F point 


haven reactor indicates excessive 


tried to determine 


ind radiation 
summation 


ison to suspect that the effects would be simply 
\fter analyzing the data 
within experimental « 
additive for 
and GR-S elastomers 
Neoprene and three 
indicate 
th Lb). 
rhese apparently conflicting 


asvnergists 


they car Mi 1 before de 


as a functiol 


effects of 

whether the 
greater than a 
the 


whether the 


are synergistic (6 
Be CAUSE 
there 
additive 


of the effect 


se parate 
al Was 
of Fig. 1, Bor 
heat 
1002 

On the other hand 
-371 


effects 


has concluded 
idiation effects 
Neo- 
data 


rro?r na 


Hyecar natural rubber 


silicones, SE-551, SI and 


that heat and radiation are 


that ther 


nndings suggest 


threshold that depends on both dose 


mperature 


rmance ot 


omposing 
Viscosity 


in the 


Figure 1OW he change in 


rradiatior erature 


FIG 3 


temperature 


HYDRAULIC 
change 


FLUID 


of 
viscosity with 
Calresearch 216. Ir 
radiation was under helium in sealed stain- 
less-steel capsules in canal source at MTR 


effect 
on 


irradiation dose for 
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Knoironmental Effects 


hold region. It is difficult to separate 
| radiation effects since measurements 
rradiated biphenyl over the same tem- 
exposure to 600°-800° F followed by 
ent at 210° | However, the increase 
envi over the range of irradiation tem- 
F to 715 
S00° F. 


F appears independent of 
Above this threshold, tem- 


on dose have proved to be svnergistic 


t hydraulic fluid, consists of 84% alkyl- 
ck, 14% 


combined effects of radiation and 


polybutene and 2% bis 


luid are shown in Fig. 3. Here the 
es because of partial depoly merization 

mprover. The subsequent increas« 
r temperature follows the crosslink- 
onstituents. 


Surrounding Medium 


Oxidation I ome materials the primary mechanism 
For these 


n an oxygen-free atmosphere results 


is an enhanced oxidation. 

erty changes However, despite the 

id radiation promote oxidation, the 

not necessarily effective as antirads 

to protect materials against radia- 

on a natural-rubber gum stock indi- 

radiation damage to an elastomer in 

phere 

lemonstrate the action of oxygen in 
Teflon (2 Irradiation to 10°—-10 

ised extreme embrittlement and loss 

in Oronite S515 fluid, which re- 

t and thereby reduces oxygen uptake, 

A surface 


the lower surface-to-volume ratios of 


to-volume-ratio effect has 


oxygen contact with the polymer 
ce on specimen geometry makes com- 
irious laboratories difficult, and tends 
evaluation of certain data unduly 
surface cracking in elastomers under 
erated under irradiation in air since 
the ozone concentration “Ozone 
uch as silicones and chlorosulfonated 
iuch less damage (1). 
ials find applications both as adhesives 
rgan (9) has reported results on three 
ibjected to reactor radiation while 
1 in JP-4 fuel (MIL-F-5624 His 
} In all three cases the tensil 
rradiated in fuel dropped to about 
ilter an exposure of 10° e 
ind associated neutron Phe 
ur, however, increased in tensile 


eption of one in which tensile strength 
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Static and Dynamic Irradiation of Nitrile Silicone 


Condition 
Postirradiation deflection (lb n Ine 


fst 


(‘antral Irradiated 


Uncompressed 1,307 2 OOO 
1.250 1,470 


Dynamic} l,: 1,627 


Compre ssed 


* Exposure gamma . * ergs /gm(( 
Mev 2 LO' n/em 


0.07-in compression from 


neutron 





decreased to 80%, of the initial value 
The increased damage of the specimens in fuel is attri- 
buted to 
® steric effects from swelling of the elastomer, which 
pushes apart the polymer chains 
® reactions between fuel molecules and free radicals formed 
during irradiation 
* neutralization of free radicals to prevent crosslinking o1 
recombination of polymer bonds 
® and graft polymerization reactions between the fuel and 
the polymer 
Corrosion. The surrounding medium asserts itself in 
the corrosion of metals, but in a way that is difficult to 
evaluate More in line with the normal way of looking at 
might better consider the effect of radiation 


rather than the effect of the medium on 


corrosion, one 
on orrosion 


radiation-induced corrosion Out of the many types ol 


| ind the 


will only briefl 


varving effects of corrosive media, we 
indicate a few of the observed effects 
National 


Laboratory in a demineralized-water loop in the MTR 


Aluminum-nickel alloys tested by Argonne 


10), corroded less when irradiated than when unirradiated 
tate of corrosive weight loss and radiation flux density 
inversely related. 

For 1100 aluminum alloy in Hanford process water (11) 
on the other hand, corrosion rate increases exponentially 
with thermal-neutron flux, with a rate constant of about 

ny Radiation 


imley nae variable even here, because of other condi- 


however, may not be the 
tions, suc is temperature and water composition, that 
may preva 

Exposure of 2024 -T aluminum, copper and 1020 mild 
steel to corrosive solution in 2.5 « 10 3.0 * 10°%r/hr 
helds of Co® 
protective wtion by the 
W here 


formation of a protective oxide 


gammas revealed both protective and non- 
radiation, depending on the 


condition corrosion inhibition depends on 


urface film, radiation 
xerts a protective effect by making the fluid more oxidiz 
Where no protective film is formed in a normally 


pla Orrosi Ve stem, radiation accelerates corrosion 


probably because the radiation-induced decomposition ol 
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the corrosive solution increases depolarizat action rates by about a fac two fe iP {\s 
From data such as these, we can conclude that at mi Because dynamic mechanical stress¢ ange molecular 
there is little direct evidence to indicate rientation, the effects of orientation ne« Oo be considered 
significantly increases the corrosion rates Apparently, in a highly orier stat 

d close enoug! 


Dynamic Stress o increase the probabi 

Experience shows that ‘ working istrated by the d 

irradiation can have important effects radiation of the natura 
For example, a lubricating oil (MIL-L-7808 instressed conditions 

| work Morg 


to 


irradiated statically in a sealed container 


was being used to lubricate a jet-engine 
The static sample withstood an exposur’ comparison, he 
than the dynamic sample, with only t ung ressed static spec! 
viscosity, whereas the worked fluid ntrols compresset 
decrease that rendered it useless as a ostirradiation 
have reported similar results (14, 14) erve that th 
Fritz’s comprehensive study of th tion properties that are 
compressed and unco! 


radiation and dynamic stresses (16) pred 
Bubbles formed 1} irastic radiation effect 


damage in hydrodynamic systems. 


turbulent flow affect the gas-liquid react rat f the Postirradiation Changes 


radiolytic products; intense acoustic 
liquid polymers producing effects that Although the designe 
radiation effects luring irradiation, he usu 
In solid polymers that give off gases 0} osure t lata from postirradiatior 
radiation the threshold dose for bubble ids to pitfalls for the 

be lower in the presence of intense dy1 As an example, at ¢ 
since these fields enhance diffusion of late strength 


I ibber sper 


decrease in threshold may be parti rhe spec 
Thus, organic adhesive bonds should be 1 ipproximately 75° I 


At intertaces of ii oustically heterogen¢ 


in those start 
ored at 

statistically significant 
What the results mig 


20° F. the spe 


to damage under dynamic stress 
Another ramification of the dynamir 


solids is the heating it produces, wi! 


temperature 


PIG. 4. TENSILE STRENGTH of sealant materia! 


dose shows marked difference between fuel and ai 
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Niobium—Promising High-Temperature 
Reactor-Core Material 


Among refractory metals, niobium stands out for reactor use at over 1,600° F. 


lt offers—along with low capture cross section—high-strength alloys, 


fabricability and stability in nonoxidizing environments 


By J. A. DeMASTRY and R. F. DICKERSON, Battelle Memorial Institute, Columbus, Ohio 


As OPERATING TEMPERATURES for pro- 
jected reactors climb higher and higher, 
assumes greater interest for 
The proper- 
ties of the niobium-base alloys strongly 
pressurized- 

inert-gas- 


niobium 
the reactor metallurgist. 
suggest applications in 
water, high-temperature 
ooled and sodium-cooled reactors and 
superheater cores. Current work also 
indicates that niobium-base, enriched- 
uranium alloys may be valuable as fuels 
1,600°-2,000° F in a 
oxidizing environment. 

Although the technology of these 


ior use at non- 


rapidly in 
defi- 


nitely planned for any current reactor. 


materials has advanced 


recent months, their use is not 
Several areas of Nb technology require 


additional research and development. 


TI 
re 


Impro 


important of these include 
in- 


more 
ved oxidation resistance, 


creased high-temperature strength by 


alloying, improved methods of fabricat- 
ing the high-strength alloys and re- 
duced material costs. However, with 
full realization of the problem areas, it 
predict that, 


within a few years, Nb will be one of 


seems reasonable to 
the important reactor materials. 

The two properties most needed in 
reactor structural materials are high- 
temperature strength and reasonably 
low thermal-neutron-absorption cross 
Zirconium and zirconium al- 
loys are excellent in a nonoxidizing 


section. 


atmosphere and if temperatures do not 
exceed 932° F (500° C). 
high temperatures resulting from power 


Temporary 


surges can be a problem, however. If 
the neutron cross section is not critical, 
steels, iron-chro- 


austenitic stainless 


mium-aluminum alloys, nickel-chro- 
mium alloys and super alloys of the 


Hastelloy type provide enough strength 


resistance in several 
coolants to be useful up to 
1,800° F. Above this temperature, 
the reactor metallurgist must look 
to molybdenum, tungsten, tantalum, 
vanadium or niobium. 

On the basis of strength alone, any 
of the latter so-called refractory metals 
Niobium, 
however, possesses the best combina- 
tion of properties (Table 1): 

1. Stronger at high temperatures 
than vanadium and tantalum. 

2. Lowest thermal-neutron-capture 
cross section of the refractory group. 

3. Readily sintered, forged, swaged, 
rolled, machined and welded. 

4. Low rate of work hardening. 

5. Reasonably compatible with most 
uranium-base fuel materials. 

6. Not attacked by inert gases or 
(Cont. on p. 88) 


and corrosion 


about 


would be a logical choice. 


most molten metals. 





TABLE 1—Capture Cross Sections (1), 
High-Temperature Strengths 


Tensile strength 
Cross 
section 
10° psi (barns) 
900 9.6 0.180 
900 ~33 0.195 
500 3.5 0.230 
500 21 1.15 
500 ~35 
,300 9.2 
1,550 18 
100 14 
inadium 600 ~15 


\ 
Ti 000 ~20 
I 
I 


Zirconium 
Zircaloy-2 
Alum) 
Niobium 
Molybdenum 


1100 


num 


Iron 
(hromium 


A’’ Nickel 


500 ~110 
500 29 
.700 12 


ingsten 


Cobalt 


TABLE 2—Properties of Unalloyed Niobium 


Property 


Atomic number 
Atomic weight 
Isotope, natural 
Isotopes, artificial 

Atomic volume (cm*/gm-atom 

Lattice structure 

Lattice constant (A) 

Thermal-neutron cross section (b) 
Positive-ion emission (ev) 

Density (gm /cm*) 

Melting point (°F) 

Boiling point (°F) 

Thermal conductivity (cal/sec/em /°C) 


Coefficient of linear thermal expansion (“C 


Electrical resistivity, 20° C (microhm-cm) 
Electrical conductivity (% IACS 
Transition temperature (°K) 


Ref 


Value 


41 

92.91 

93 

89-99 
10.83 
Body-centered cubic 
3.294 

1.15 

5.52 

8.57 
4,380° F 
9,260° F 
0.125 

7.1 xX 10°° 
13.2 

13.3 
8.0°-8.3 
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TABLE 3—Effect of Cold Work on Nb Hardness 





Vickers Hardness of Nb from various melting stocks 





Reduction by 
cold rolling (%) 


Powder (31) 





0 88.3 
10 125 
20 132 
30 140 
50 156 

160 
163 
166 
169 


Electron-beam melted (4) 


Powder (32) 


95 54 


91 


112 





Unalloyed Properties 

A brief study of the properties listed 
in Table 2 indicates more specifically 
the reasons for interest in niobium. 

The lattice spacing of 3.294 A can 
be compared to the Goldschmidt 
atomic diameter of 2.94 A. Since the 
zone of favorable size factor for pos- 
sible solid-solution formation extends 
from 2.50 to 3.38 A, one could expect a 
fairly large number of solid-solution 
alloys. The thermal-neutron-absorp- 
tion cross section and the thermal 
conductivity are reasonable. The high 
melting point indicates good strength 
at elevated temperature, and the 
electrical properties make the metal 
amenable to arc-melting. 


Potential of Alloying 

Proper alloying will greatly improve 
the properties of niobium. As we 
show later in this article, elevated- 
temperature strengths can be increased 
substantially, and hot-water-corrosion 
resistance can be improved to a point 
where it is almost equal to that of 
zircaloy-2. 

Since solid-solution alloying is one 
method of improving strengths, it is 
fortunate that a large number of 
elements form solid solutions with 
niobium—among the most interesting 
are zirconium, titanium, vanadium, 
tantalum and molybdenum. A large 
number of binary, ternary and qua- 
ternary alloys should provide desirable 
properties. Onthe other hand, precipi- 
tation hardening can also produce good 
elevated-temperature-strength proper- 
ties. In the niobium-chromium sys- 
tem, there is about 23% solid solubility 
of chromium in niobium at 3,092° F. 
This decreases to about 6% at room 


temperature. These conditions result 


in an alloying system that can be 
strengthened by both solid-solution 
effects and age-hardening. 

Production and alloy preparation. 
Niobium occurs closely associated 
with tantalum in nature and must be 
separated for reactor applications. 

One of the most-used methods of 
separation from columbite ore is by 
with a molten caustic (14), 
ultimately produces Nb.Os. 
The pentoxide is reduced to the metal 
with carbon during vacuum sintering. 
This sintered product can be melted in 
a variety of ways to produce purer 
Ultrahigh-purity nio- 
bium can be produced by cage-zone 


fusion 
which 


metal or alloys. 


induction melting (15) or by electron- 
beam melting (16). Vanadium, iron, 
aluminum, nickel and chromium evapo- 
a few parts per million, 
and carbon are readily 


rate to only 
and oxygen 
removed. 

Alloying is accomplished satisfac- 
torily without impurity pickup by the 
consumable-electrode arc-melting tech- 
nique. Five-hundred-pound ingots 
have been produced by this technique 
(277). 

Fabrication. Unalloyed niobium 
can be worked to a considerable degree 
before it work-hardens appreciably 
18). Table 3 gives examples of the 
due to cold 
working; although the initial increase is 
the rate of 
with heavier reductions. Annealing 
at 2,372° F for 1 hr in a vacuum 
of 10-> mm of Hg results in a com- 
pletely recrystallized structure; recrys- 


increase in hardness 


large, increase decreases 


tallization occurs as low as 1,922° F. 
The niobium-base 
alloys is not quite so straight-forward 


fabrication of 


as the alloy strength increases, the ease 


of fabrication decreases. The princi- 


pal problem is still the initial break- 
down of the cast structure, which can 
be accomplished by forging or extrud- 
ing at elevated temperatures (19). 
After breakdown, the alloys can usually 
Both 


successfully 


be warm- or cold-rolled. rods 


and tubes have been 
produced by extrusion (17). 

No particular difficulties are en- 
countered in machining niobium and 
its alloys if machining practices for 
stainless steel are followed. Ductile 
arc welds are satisfactory if the molten 
weld pool and hot metal are protected 
from standard 
practice to resistance-weld stock that 
is less than 0.02 in. thick. 

Gas-pressure-bonding techniques are 
suitable for joining Nb. Bonding is 
accomplished at a relatively low 
temperature (1,550°-1,650° F) under 
a helium pressure of 10,000 psi with 
zirconium at the interface to promote 
Direct self-bonding of Nb 
has been accomplished by pressure- 
bonding at 2,100° F and 10,000 psi for 
3 hr. Ductile bonds are produced in 
both Although no attempts 
have been made to bond Nb and Nb-U 
fuels, no difficulties are expected. 

Physical properties. Thermal-con- 
ductivity measurements 
made on unalloyed niobium (Table 4). 
Information on the effects of alloying 
on thermal conductivity is currently 
very sparce. It is that 
thermal conductivity follows the solidus 
curve in the solid-solution 
alloys and, therefore, decreases from 


contamination. It is 


bonding. 


cases. 


have been 
expected 
case of 
the value for unalloyed niobium to a 


minimum as the de- 
This decrease should not be 


solidus curve 
creases. 
a serious factor. 


The effect 


temperature electrical resistivity is not 


of alloying on room- 





TABLE 4—Thermal Conductivity of 
Unalloyed Niobium (20)* 
Tem pe rature Thermal conductivity 
Cc (gm-cal/cem/sec/°C 
93 0.110 
251 0.115 
528 0.125 
688 0.131 
SS4 0.138 
1,104 0.146 
1,346 0.152 
1,639 0.163 


* Converted from BTU /hr/ft/°F. 
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TABLE 5—Electrical 
Annealed Alloys (19) 


Resistivity of 
Resistivity 
at 20° C 


Nb purity 
% (microhm-cm ) 


{dk 


c o/} 


litive 


16.25 
16.§ 
17 
17. 
21 
15 
17 
18 
14 
16.: 
16 
16 
17 
18 
19 


99 95 
5 Mo 
10 Mo 
5 W 
10 W 
1 Zr 
2 Zr 
2 Ti 
UY US 
7.6 Mo 
9.4 Mo 
1.6V 
ey 
$6V 
2.0 Al 





This is indicated by the meas- 
Table 5 obtained 
from some typical binary alloys. 
Mechanical properties. The hard- 
of niobium varies 
content. Ex- 
tremely pure niobium has a hardness 
100 DPH, niobium 
containing 700 ppm oxygen is on the 
of 250 DPH. As would be 
expected, alloying increases the hard- 
ness markedly, which is illustrated in 
1. As Fig. 2 
niobium their 


great 


urements given in 


unalloyed 


ness 


greatly with oxygen 


below whereas 


order 


Fig indicated by 
I) 


alloys retain 


VPN Hardness 


Molybdenum 
. Vanadium 
x Aluminum 
e Zirconium 


m 
© 
© 


20 40 60 
Alloying Additions (a/o) 


FIG. 1. ALLOYING increases room-tem- 
perature hardness of niobium 


room-temperature hardness at elevated 
temperatures 

The tensile strength of unalloyed 
not 


niobium is particularly high at 
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TABLE 6—Tensile Properties of Niobium Alloys 


a 





Temperature 


(°F) 


Composition 
(w/o) 


Yield 
strength 
(pst) (%) 


Tensile 
strength 
(pst) 


Elongation 








Pure Nb 
Production Nb 


Room temp. 

Room temp. 
932 
1,500 
1,500 
2,200 
2,200 
68 
932 
1,500 


4a 


80 
2,000 
2,000 

68 

932 

80 
2,000 

68 
2,000 

68 

80 


99.9% Nb 
3.2 Ti 

10 Ti 

15 Ti 
16V 


1W 
5 W 


10 W 
0.7 Zr 


930 
2,200 
1,200 
1,470 
1 Mo 77 
5 Mo (99.95% Nb) 
‘ 


33 Zr 


68 
Room 
932 
68 
932 
5 Hf 77 
2,000 
68 
932 
,200 
470 
2,000 
500 
80 
2,000 
2,600 
200 
470 
-5 Hf 77 
5 V-2.5 Zr ,500 
V-2.3 Zr 500 
2 V-0.54 Fe 
Ti-1 Zr-1 Hf 
Ti-2 Zr-2 Hf 


8 Mo 


temp. 


9.4 Mo 


2.0 Al 


1.84 Cr 


0.5 Ti-0.5 Zr 
5 Ti-10 Zr 
10 Ti-10 Mo 


4.28 Cr 


2,000 


Fansteel 80 75 
Fansteel 82 


33 Ta-0.7 Zr 


75 
2,000 
2,400 


air 
air 


29,480 32 
48,620 19.5 
48,400 9.6 
21,000 18 
17,000 11 
16,000 18-32 
12,000 23-33 
64,920 i9 
35,860 12.8 
28,500 
86,150 
86,000 
36,900 
37,000 
67,320 
55,880 
48,000 
12,000 
43,780 
14,000 
65,340 
50,000 
30,000 
14,800 
2,400 
76,400 
52,850 
59,400 
60,500 
38,060 
67,540 
46,420 
69,500 
46,540 
38,060 
36,740 
115,000 
81,600 
26,000 
37,000 
100,000 
35,000 
10,000 
92,200 
39,700 
113,200 
38,000 
46,000 
43,000 
44,000 
79,500 
41,800 
47,000 
55,000 
29,600 
11,700 


16,500 
74,400 
74,000 
33,500 
34,000 


44,000 
11,000 
12,000 
35,000 


15,000 


69,000 
43,840 


52,500 
46,500 


107,000 
68,700 


34,000 
92,000 


75,500 
30,800 
100,100 


30,000 
25,000 


61,950 
41,700 





room temperature, but, like its hard- 
ness, niobium retains its strength as 
temperature (Fig. 3). A 
large number of alloying additions have 


increases 


been made to niobium to improve the 
elevated-temperature strength. The 
effects of this alloying are shown in 
Table 6, which lists typical alloys and 
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5 w/o Zr 
5 w/o Al 
5 w/o Mc 
7 5wh Fe 
5 w/o Cr 
5 w/o Ni 
5woV 
5 w/o W 
5 w/o Ta 


DPHN (kg/mm?) 


90 80 
Niobium (w/o) 

10 20 
Titanium (w/o) 


FIG. 2. BINARY AND TERNARY ALLOYS 
retain hardness at 1,600° F 


results based on a complete survey of 
the unclassified literature. Hafnium, 
chromium, zirconium and_ tungsten 
seem to be the most potent alloying 
additions. 

The brittle-ductile transition 
perature appears to lie between — 150° F 
and —320° F for high-purity material 
and is relatively unaffected by in- 
terstitial levels. 

The creep properties of unalloyed 
Fansteel triple-sintered niobium are 
Creep data for 


tem- 


shown in Fig. 4 (30). 
niobium alloys (Table 7) are scarce, 
but the data available and estimates 
Larson- Miller 


based on parameters 








wh, 





800. 120 


oO 
Temperature (f 


400 





TABLE 7—Rupture Properties of Nb and Alloys 


Stress lo produce 
rupture (psi) 

Temp. 
(°F) 


Com position 


10 hr 100 hr 500 hr Remarks 


w/o 


Nb (electron 


beam melted 


1,600 8,000 
1,800 
1,650 
1,800 
2,000 
2,200 
1,800 
1,800 
1,600 
1,800 
2,000 
2,200 
2,000 
2,200 
2,000 


6,500 
10,000 

8,500 

5,000 

4,000 
17,000 
15,000 
35,000 
30,000 
35,000 
17,000 
20,000 
11,000 
18,800 


10,500 
9,000 
5,500 
5,000 

22,500 

16,000 


Cold-rolled 
tecrystallized 
Contained 0.65 w/o Zr 
Contained 0.65 w/o Zr 


Nb powder 


F 48* 
F 50t 


Nb-0.7 Zr 
Fansteel 80) 
Nb-33 Ta-0.7 Zr 
Fansteel 82 

Nb-10 Ti 
Nb-10 Ti-2.5 W 


11,000 In argon 


2.000 17,500 13,500 In argon 


1,800 
1,800 


15,000 12,500 


20,000 


* Nb-15 W-5 Mo-1 Zr-0.04 C-0.04 O0.05 N2 (GE alloy 
+ Nb-15 W-5 Mo-l Zr-0.04 C-0.04 O2-0.05 N2-3.5 to 5.0 Ti (GE alloy 





In 680° F water, 


mercial grade does not perform well, 


indicate that alloying should improve same period. com- 
creep strength. 
Compatibility. A major failing of 


niobium is its inability to withstand 


whereas some alloys exhibit corrosion 


resistance comparable with that of 
zircaloy-2 (Table 8). 
Below 1,832° F, niobium should not be 


attacked by high-purity sodium or Nak. 


oxidation at even moderately high 


temperatures. Alloying improves the 
oxidation resistance in all cases but not 
oxidizing Although there are no direct data on the 


enough to allow use in 


atmospheres (31) compatibility of niobium with helium 
Niobium is not attacked severely by and argon, there is much indirect evi- 
water at 600° F 
has a weight gain of 0.73 mg/cm? after 
224 this 


corrosion life (32). As an example, a 


dence that indicates no effect from high- 
heat 
treatments, stress-rupture tests and, of 


high-purity material 


purity gas. High-temperature 


days. Alloying improves 


course, arc melting have been _per- 


niobium-12.6a/o vanadiumalloy shows formed in atmospheres of both gases 


a weight gain of 0.32 mg/cm? for the without causing impurity pickup. 


Continued on page 132) 





o As-received Fansteel Niobium 
~0 - 

4 Recrystallized |hr at 2,400 F 
4 rer 

x Recrystallized | hr at 2,400 F 


= 10 fon . 
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CREEP AND CREEP RUPTURE of unalloyed Nb 


ULTIMATE TENSILE STRENGTH of unalloyed niobium 
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inf) Experience, performan 


When things come 
hot and heavy... 


..-your hot cell requirements have 
outgrown standard manipulator capa- 
bilities. To meet your needs, AMF 
Atomics offers this new Heavy Duty 
Manipulator that retains the deft, in- 
stantaneous touch of the Standard 
Model 8, but has up to five times 
greater operational capacity. The re- 
sult is a dual-purpose instrument fit- 
ting both “pilot production” as well as 
strictly “laboratory” classifications. It 
offers a variety of new capabilities and 
operates with greatly reduced shut- 
down time and minimum maintenance 


expense. 
While new materials and rede- 
signed components and assemblies 
produce the Heavy Duty’s versatility 
and extra performance, basic instal- 
lation dimensions of the Standard 
Model have been maintained. Conver- 


sion is possible without modifying ex- 
isting hot cell dimensions. Where the 
Standard Model meets present needs 
but where future requirements are 
uncertain, AMF Atomics offers a par- 
tial Heavy Duty model convertible to 
full Heavy Duty with few components 
and without field assistance. 

As for maintenance and repair, the 
ruggedness of the Heavy Duty assures 
a minimum of both. Present mainte- 
nance facilities will suffice. A com- 
plete spare parts catalog is provided 
for fast spare parts replacement. 
Trained AMF field technicians are al- 
ways available should the need arise. 


AMF Atomics across the board 


AMF Atomics’ performance record 
qualifies it as the world’s leader in de- 
sign and construction of research and 
training reactors. It has utilized 
AMF’s vast engineering and mechan- 
ical skills in a wide range of reactor 
components and auxiliary equipment 
including reactor servicing equip- 
ment, control rod drive assemblies and 
manipulators. 


AMF ATOMICS 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16, N. Y. 





.,. across the world 


INSTRUMENTATION 


and MEASUREMENTS 


FIG. 1. 


size, 





CONICAL SCINTILLATORS of proper 


reflected with aluminum foil (left) or 


aluminum oxide (center) produce total-absorp- 


tion pulses with low-energy photons. 


(Optical 


illusion makes phosphor at right seem to be in 
two sections) 


Conical Plastic Scintillators 
Show Total Gamma Absorption 


By GERALD J. HINE and JOHN A. CARDARELLI 


Veterans Administration Hospital and Boston University School of Medicine, 


For special applications as radiation 
detectors plastic scintillators 
some properties that make them supe- 
rior to sodium-iodide crystals. But the 
inability to demonstrate total absorp- 
tion of gamma photons (scintillation 
pulses corresponding to the full energy 
of incident photons) in plastic scintilla- 
tors has appeared as a serious deficiency 
in our assessment of their basic proper- 
ties. Total gamma-ray absorption is 
needed for energy calibration and dis- 
crimination against background radi- 
ation .in detection of monoenergetic 


have 


photons. 

We have recently demonstrated that 
one can observe total photon absorp- 
tion, at least with low-energy X- and 
gamma rays. Our best results have 
been with lead-loaded, conically shaped 
scintillators surrounded by aluminum 
oxide as a reflector of light (Fig. 1). 


Why Plastic Scintillators? 


Outstanding among the advantages 
of plastic detectors are these: 
Decay times of light pulses are 


hundred times shorter in 


several 


92 


This 


is important for coincidence measure- 


plastics than in sodium iodide. 


ments and ve ry large counting rates. 
Machining of plastics to any size or 
shape is possible without permanent 
enclosure in an air-tight container. 
Air-equivalent response can be had 
a plastic over a wide photon- 


Thus plastic scintilla- 


from 
energy range. 
tors are appropriate for dosimetry. 

Large sizes (as big as 16in.in diame- 
ter) are available from several manufac- 
turers at moderate cost. This is useful 
for counting extended sources like the 
human body (1), low-activity samples 

?) or background. 

Absence of total-absorption pulses 
when gamma rays are incident on plas- 
tic scintillators can be traced to two 
fundamental difficulties. First, photo- 
electric absorption in plastic scintilla- 
tors is very small compared, for exam- 
ple, with that in sodium iodide. The 
latter has a high-atomic-number con- 
stitutent in iodine (Z = 53), whereas 
the average atomic number in plastics 
is~6. Second, we have demonstrated 


that a major difficulty exists in collect- 


Boston, Massachusetts 


ing the light produced by gamma-ray 
absorption in plastic scintillators. The 
fraction of the light that leaves the 
scintillator and enters the photomulti- 
plier depends on size and shape of the 
scintillator. 
Increasing 
enhances total gamma-ray absorption 
by increasing multiple Compton inter- 
At the same time light losses 
increase and defeat the advantage. 
The same difficulty is experienced when 
the plastic scintillator is loaded with 
heavy elements to increase photoelec- 


scintillator dimensions 


actions. 


tric absorption. 


Light Collection 


Experiments with monoenergetic 
electrons demonstrate the difficulties 
of light collection (3). For example, 
Fig. 2 shows our results from measuring 
624-kev internal-conversion electrons 
of a thin Cs'*? source with square and 
round cylindrical scintillators of differ- 
ent sizes. As thickness increases, reso- 
lution becomes worse; pulse height be- 
comes smaller, and counting rate in the 
valley between the conversion-electron 
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Kodak reports on: 


apathy in Pittsburgh ... sooty things with a lot of physics in them ... little white specks that move... 
a little literature before the 11 o'clock news 


A shining trap for Mg 

When we read the advance program for 
this year’s Pittsburgh Conference on 
Analytical Chemistry & Applied Spec- 
troscopy, we decided on a coup. 

One of the papers was to state an 
interesting fact about bissalicylidene- 
ethylenediamine. This compound, in 
slightly alkaline N,N-Dimethylforma- 
mide (Eastman 5870), chelates Mg ions, 
and thereby becomes highly fluores- 
cent. The excitation maximum occurs 
at 355Smyu, and the emission maximum 
at 439mu. A sensitivity of 7x 10° micro- 
mole of Mg per ml was mentioned. 

This time, said we to ourselves, when 
they come charging out of the meeting 
room to our exhibit to ask whether we 
have this reagent, they will encounter 
no mere bland smile. We will be able 
to reply, “Yes, sir, here it is, labeled 
a,a -(Ethylenedinitrilo)di-o-cresol and 
designated Eastman 8019.” 

And that is exactly what we were in 
a position to do that day. The only 
trouble was that while many people 
did flock to our booth and talked of 
many things, not one soul as much 
as mentioned bissalicylideneethylene- 
diamine. 


Distillation Products Industries, Roch- 
ester 3, N. Y. (Division of Eastman Kodak 
Company) has some 3800 other Eastman 
Organic Chemicals. Many of them do 
excite a decent level of interest. 


A boundary for the infrared 


These sooty things have a lot of physics 
in them. The physics is of the old- 
fashioned type, not very clear, but not 
nearly so opaque as the little wonders 
themselves look when held to the light. 
Yet they transmit to 30u in the very 
far infrared. Their utility lies in the 
easy adjustability of the spectral posi- 
tion of the transition from opacity to 
clarity. The opacity is achieved not by 
absorption and not by interference but 
by marvelously selective and effective 
scattering. What interference there is, 
in fact, operates on the side of clarity 
by beating down Fresnel reflection 
losses. 

These Kodak Far Infrared Filters 
have turned into a hotter item than 
we dared hope when we first taught 


ourselves how to take silver chloride 
and convert its surface to silver sulfide 
in a manner as tunable as a fiddle 
string. Now the infrared trade—mili- 
tary and analytical—has grown to 
where it needs cut-on filters worse than 
it needed them ever before. And we are 
ready—even with a warning that these 
filters require precautions to protect 
them from harsh military environ- 
ments and that silver chloride in the 
presence of water vapor still corrodes 
metal just as it always has. Of course, 
they can be mounted in plastic. The 
corrosion we can forestall if, at the 
expense of inserting a few absorption 
bands, we can be permitted to over- 
coat with polystyrene. 

The pitch for the business is made by a 
collection of mimeographed sheets entitled 
“Kodak Far Infrared Filters,’ obtainable 
from Eastman Kodak Company, Special 
Products Sales, Rochester 4, N. Y. Here 
are given sizes, prices, and the code for 
specifying the cut-on wavelength wherever 
wanted from I to Sy. 


A tip for radiographers 

Little white specks have been appearing 
on radiographs of zirconium alloys. 
Since one of the principal reasons for 
radiographing zirconium alloys in the 
first place is for detection of tiny tung- 
sten inclusions, this is not surprising. 
What has surprised the radiographers 
has been that most of the little white 
specks appear in different places on 
two successive films of the same part! 
Or even on two films made of the same 
part simultaneously! 

Upon investigation * it turns out that 
the phenomenon does not contain 
enough high science to be worth the 
exclamation points. The moving specks 
are dandruff, cigarette ashes, lint, and 
such rubbish. So help us! 

The junk gets picked up when the 
customer loads the film into the card- 
board exposure holders. These often 
contain lead foils between which the 
film nestles. Besides serving as a filter 
to modify radiation quality, the lead 
emits electrons to intensify the image 
density. The junk simply casts electron 
shadows. 

So we published a little paper in Non- 
destructive Testing. We said that in this 
specialized type of radiography for 
small inclusions it might be well to put 
*We needn't have investigated. We could have just 
dropped off the film, scooped up our money, and 
run, tarrying only long enough to suggest that 1) 
two films be routinely made of every part and then 
compared to distinguish moving white specks from 


real white specks; and 2) somebody should do a 
Ph.D. thesis on the effect. Sales would have doubled. 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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cardboard under the front lead screen 
and use the lead only as a filter. We 
also advised surgical cleanliness, a dark- 
room under slight positive air pressure, 
and no smoking. This supplementary 
advice isn’t really necessary if you 
don’t try to shave exposure time by 
putting the lead in contact with the 
film, but it sounds wholesome. Further- 
more, this line of thought led to the 
question of why make the radiographer 
load the film into a cardboard expo- 
sure holder in his own darkroom. Why 
not do it for him inour surgically clean, 
slight-positive-air-pressure, no-smok- 
ing factory? 

We couldn’t think of a good reason 
why not. 

Kodak Industrial X-ray Film, Type M 
(the maximum resolution type) is now avail- 
able from x-ray dealers in a Ready Pack 
form, enclosed in individual, disposable, 
light-tight packets. 


A primer for metallography 


You would think we had nothing bet- 
ter to do than write letters and be 
friendly, helpful, and cheerful. 

Though this policy hasn’t sunk us 
yet, we do go through motions to put 
the dispensing of technical photo- 
graphic wisdom on a slightly self- 
sustaining basis. For those who have 
not yet delved deep enough to frame 
specific questions, we publish what 
we call Kodak Data Books and print 
on the cover a small cash price, like 
50¢. 

Just issued is a new one, “Photo- 
micrography of Metals.” It contains 
13 pages on the metallographic mi- 
croscope (unbiased toward any par- 
ticular make of instrument, since we 
are not in that business), 3 pages on 
illumination, 5 on filters, 3 on photo- 
graphic materials (which we do make), 
5 op exposure determination, and 
8 on processing and printing—just 
enough for thoughtful perusal between 
the evening paper and the 11 o'clock 
news. The pages are meaty; the illus- 
trations are there to explain, not just 
fill space; the author (anonymous) is a 
photomicrographer, not an ad-writing 
hack. 


Theoretically the purchase of these data 
books from your Kodak dealer draws him 
and you closer together.. Those willing to 
forego the personal touch can obtain them 
from Special Sensitized Products Division, 
Eastman Kodak Company, Rochester 4, 


N. Y., which is also the place 
to address specific questions. y 


Price quoted is list and 
subject to change 
without notice. 





PILOT 


SCINTILLATOR B 


greatest pulse height- 
shortest decay time! 


Pilot Scintillator B is the only plastic 
scintillator containing diphenylstil- 
bene ... developed and patented * 
by, and available only from Pilot 
Chemicals, Inc. It has the greatest 
pulse height (90% that of a stilbene 
crystal), and shortest decay time 
(3 x 10-° seconds) of any commercial 
plastic scintillator. Available in a 
wide variety of shapes and sizes — 
from sheets 0.0005” thick to 16” x 12” 
cylinders. Machinable to virtually 
any design. 


SCINTILLATION GRADE FLUORS 


Extremely high purity; maximum light output, 
high melting point. Among the more popular 
luors alu ays UF stock e Diphe nyloxazole, 


Alpha-NPO, POPOP, PBD. 


Do you need o special scintillation plastic or 
fluor? Write us for help! Send for Bulletin 
591-N. 


KDXDOW 


CHEMICALS, INC. 


36 Pleasant Street, Watertown 72, Mass. 


*U.S. PATENT 42,710,284 
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FIG. 2. 


lators show difficulty of light collection. 


ELECTRON MEASUREMENTS with square (solid points) and round plastic scintil- 
As thickness increases, resolution becomes 


worse (left), pulse height becomes smaller (center) and counting rate in valley between 
conversion-electron peak and continuous beta-ray spectrum becomes greater (right) 


and the continuous spectrum be- 


comes greater. Similar effects are ap- 


parent as shape and diameter change. 
contrast with those 


iodide 


These results are in 

sodium crystals, for 

resolution is essentially inde- 
pendent of crystal size 

The loss of pulse height and worsen- 

resolution that appear in Fig. 2 

sused only by absorption of 

fluor 

laver of the 


We issume that a large 


light 


scent light produced in the top 
scintillator by beta rays. 
fraction of the 
is trapped in the plastic scintilla- 
is fraction is greater in square 
than in 
thickness 
Reflector. The fraction of the light 
depends on diameter 


round ones of equal 


pleces 


that can escape 
ind thickness i complex way. We 
have observed only small differences in 
light reflectors. In 


aluminum foil in close contact 


good 


omparing 
general 


surfaces ylelds 


ntillator with alumi- 


with all good results: 
surrounding the S( 
oxide instead of foil increases the 


num 
pulse height slight From this study 
of reflectors we conclude that most of 
the light lost in the larger scintillators 
is trapped multiple internal 
reflections 
Shape. Wi 


output could ry 


found that the light 
ymewhat increased by 
changing the shape of a plastic scintil- 


itor from a cylinder to a truncated 


ye Figure 3 shows what happens 


1.75-in 


lade Into a 


-diameter, 2-in.-high 
10-deg cone. 
of the Cs!%7 electron line 
than 60%; resolution 
24% to 19.5%. By 


ind Fig. 3 you can 


in.-high cone delivers 


f its light as a ¢-in. 


lit bo ¢ hoost the best 


thickness. 


a 2-deg cone 


cone or given 


When thickness is 2 in., 


angle for a 
performs like a cylinder, and a 4-deg 
cone gives improved light output much 


10-deg 


as does the cone of Fig. 3. 
There is less improvement in changing 
a 4-in.-diameter, 4-in.-high cylinder to 
than there is 


a 5-deg or 10-deg cone 


with the 2 2-in. cylinder. 


Photopeaks 


To observe a peak that corresponds 


to monoenergetic photons one must 


simultaneously achie ve total absorp- 
photoelectric abso ption or multi- 
and effective 


have managed to 


tion 
ple Compton collsions 
light collection We 
demonstrate such peaks by (a) limiting 
our observations to 


b) choosing scintillators of ap- 


low-energy pho- 
tons, 
propriate sizes to improve the absorp- 
tion-to-light-loss ratio and (c) using 
cones to improve light collection. 
also available 


Some improvement 


from loading the plastic with a small 
of lead Figs. 4-6 
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these wavs. 
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FIG. 3. IMPROVEMENT results as one 
changes round cylinder into truncated cone. 
624-kev electrons produce greater pulses 
and better resolution in cone 
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new dimensions in welded sandwich structures 


me Budd has developed, fabricated, and 
Ss tested high performance, lightweight, 

sandwich structures to meet a variety 
ol requirements. 

Applied to insulation problems, sandwich struc- 
tures have permitted extremely low heat transfer 
. applied to heavily loaded structures 
they provide excellent stiffness to weight ratios. . . 
applied to heat transfer problems they have given 
substantial improvement in efficiency. 

Designs can be economically produced through 
improved equipment and improved techniques. 


coefficients. . 


For example: a Budd-developed High Speed Weld- 
ing Machine can make 2,000 controlled resistance 
welds a minute. 

Budd welding know-how...and rich back- 
ground in working with many different metals .. . 
assure you the best possible welded sandwich 
structures. What are your requirements? The 
Budd Company, Philadelphia 32, Pa. 


| A 


SPACEATOMICS 


@ D/V/S/ON 
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Designed for accurate processing in bacteri- 
ology, radio chemistry, microbiology, and various other highly 


specialized sciences and precision laboratory procedures— 


HAMILTON COMPLETE CONTROL CABINETS 
permit exact handling of many critical or hazardous materials. 
They provide complete control over fumes, aerosols, cross 


contamination, and atmospheric pollution. Contamination of 


tissue cultures prevented by double filtering of incoming air | 


and a slight positive pressure within cabinet; with germicidal 
light applied between processes for further protection. They’re 
exceptionally durable, constructed with traditional Hamilton 
care and craftsmanship. Experienced Hamilton engineers can 
help you solve your specific laboratory problems, and meet your 


exact requirements. Write for complete data... Dept. 276. 


é new dimensions in time and 

- space efficiency for: physicians; 

jentists; industrial, hospital, school 

PROFESSIONAL AND SCIENTIFIC FURNITURE | ‘@00r#tor'es; draftsmen; printers; 


braries; home laundries 


Hamilton Manufacturing Company, Two Rivers, Wisconsin 
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FIG. 4. PHOTON PEAK appears as 123- 
kev gammas are detected with plastic cone. 


Lead loading increases total-absorption 
fraction but worsens resolution 
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FIG. 5. WELL DEFINED PEAK appears in 
detection of 22.2-kev photons. Small 
energy makes resolution a poor 72.5%, 
but shape of curve shows improvement in 
going to lower-energy photons 


wn 
T 


total-absorption peaks than large- 
energy ones follows from the depend- 
ence of absorption coefficients on 
photon energy. Only at very small 
energies are Compton- and photoelec- 
tric-absorption coefficients in carbon 
nearly equal; at most energies photo- 
electric absorption is very smal! com- 
pared with Compton absorption. For 
example, for 22-kev radiation the 
photoelectric absorption coefficient is 
0.133 em?/gm, and Compton coeffi- 
cient is 0.22 cm?/gm; at 123 kev the 
values are: photoelectric, 0.00046 
em?/gm; Compton, 0.143 cm?/gm. It 
is plain that a total-absorption peak 
requires contributions from Compton 
absorption, especially at large photon 
energies. 

The best scintillator size for total 
absorption is also a function of energy. 
By using large scintillators we can in- 
crease the fraction of absorptions that 
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COMPONENTS 
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ALCO’s unique sine-wave heat exchangers are being installed at 
Power Reactor Development Co.’s Enrico Fermi Atomic Power Plant. 


SHAPE OF THERMAL EXPANSION 


4 


sine-wave tubes to absorb thermal 

expansion—first developed by ALCO Products, Inc. for 

bmarine Nautilus—is now being applied in three 

heat exchangers for the Enrico Fermi plant. The big 

ALCO units exchange heat between the two sodium loops 

in the plant, with each exchanger having a capacity of 
500 million Btu per hr. 

operation, the sine-wave tube bundles absorb ther- 

flexing at the bend of each tube. 

oints are eliminated, greatly increas- 

ity and integrity of the equipment. 


rineering ingenuity, exemplified by the sine-wave 


ALCO PRODUCTS, INC., New York 


Sales Offices in Principal Cities 


tube, is one of the reasons why ALCO nuclear compo- 
nents are incorporated in the majority of nuclear plants 
— Naval, civilian and military. Ninety per cent of such 
plants in the U.S. employ ALCO components: reactor 
vessels, steam generators, pressurizers, heat exchangers, 
core structures, control-rod drives. 

ALCO is also an experienced designer and builder of 
complete nuclear power systems. 

If you seek engineering and manufacturing excellence 
for your nuclear equipment, let ALCO prove its capa- 
bility. Call your nearest ALCO sales office, or write ALCO 
Products, Inc., Dept. 139, Schenectady, N. Y. 


Makers of: Nuclear Reactors 


and (¢ onents oct tives - Diesel Engines - Heat Exchangers « Springs: Steel Pipe + Forgings * Oil Field Equipment + Weldments 





NEW LINEAR AMPLIFIER 
. FOR SCINTILLATION 
SPECTROMETRY | 


MODEL 352-1 


<@™ recovers from 4000x 
overload in 8 microseconds 


Franklin Electronics’ Series 358 
Linear Amplifiers* offer vast im- 
provements over previous ampli- 
fiers. In addition to their ability to 
recover from a 4000x overload in 
eight microseconds, they provide an 
exceptionally high overall gain of 
70,000 when used with their match- 
ing preamplifier. 

Series 358 Linear Amplifiers are 
available in various configurations 
to meet every application. Models 
are available with built-in integral 
or integral and differential pulse 
height analyzers. For immediate 
shipment. 


Request Data Sheet 2001 


*Developed at Oak Ridge National Laboratories 
by George Kelly (ORNL Type A-8). 


BRIEF SPECIFICATIONS 


MAXIMUM VOLTAGE GAIN 
preamplifier) 

GAIN STABILITY: 0.9% for 
from 105 to 130 V 

GAIN CONTROL: By factors of 2 over a total range 
of 64 

OUTPUT PULSE: +110 V (doubly differentiated). 

PULSE WIDTH: 0.5 microseconds 

RISE TIME: 0.2 microseconds 

OVERLOAD RECOVERY: 8 microseconds from 4000x 
overload 

LINEARITY: 0.1% of rated output 

MAXIMUM COUNTING RATE: 250,000 cps (random). 

NOISE: Output noise at full gain is 0.82 v rms, 
corresponding to 34 microvolts referred to input. 

POWER REQUIREMENTS: 105 to 125 V ac, 170 W. 
D-C power drawn, 39 W 

PHYSICAL: Dimensions; 19” Rack x 824” H x 13%" 
D. Weight; 35 Ibs. 
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FIG. 6. LEAD LOADING leads to clear, 
well resolved peak with 88-kev photons 
from Cd'°* source Unusually good peak 
comes from combining low-energy photons, 
lead loading and conical shape 


deliver their total energy to the plastic, 
but then light collection is an important 
difficulty. The 
Compton interaction of 400-kev pho- 
tons is ~10 cm, and many interactions 


mean free path for 


are required for total energy absorp- 


tion. Therefore one can expect a 
major contribution from multiple 
Compton interactions only with scin- 
tillator dimensions greater than 10 in. 
With efficient light 


collection is not feasible, at least not if 


such dimensions 
one collects light from only one surface. 
For these reasons our largest scintillator 
with 3-in. base and 
t and 


10-deg cone 
height 
All our spectra were recorded 


Is a 


lower curve, Fig. 


3-1n 
Fig. 5 
with a Du Mont 6363 photomultiplier 
and a 256-channel analyzer. 

You the effect of photon 
energy comparing Fig. 4 (123-kev 
Co and Fig. 5 (22.2-kev 
Cd!°? gammas It is plain that the 
22.2-kev 
tion, but their very small energy makes 
the resolution no better than 72.5%. 
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the technology and 
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material at a _ practical 
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The New 
AM-33R 
Air 
Monitor 


The AM-33R is First to Provide 
Direct \dentification 
of Long Half-Life Emitters 


Due to natural radon progeny, identifica- 
tion of long half-life emitters with ordinary 
monitors means a delay of five hours 
or more, and requires multiple detectors. 
Now, with the new AM-33R air monitor, 
the presence of these emitters can be iden- 
tified directly, and almost immediately— 
with a single detector. 
PRICES— FOB, INDIANAPOLIS 


AM-33R (Moving Filter) 
Illustrated $6,580.00 


AM-22R (Fixed Filter) $5,230.00 
FOR DETAILS, PHONE LIBERTY 6-2415 COLLECT 


Nuclear Measurements Corp. 


2460 N. ARLINGTON AVE. 
INDIANAPOLIS 18, INDIANA 
International Office: 13 E. 40th St., New York 16, N. Y 
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~70 % of those in their standard plastic 
scintillator. 

In this lead-loaded plastic, the photo- 
electric absorption of 123-kev gamma 
photons is increased by a factor of ~16 
with Compton absorption unchanged 
(Fig. 4). Reduced light output makes 
resolution worse than in the nonloaded 


scintillator. There is a better total-ab- 


sorption peak with the smaller energy 
of the 88-kev line of Cd (Fig. 6). 


~ ~ * 


We obtained all of our plastic scintillators 
from Pilot Chemicals, Inc., Watertown, Mass. 
For electron measurements they were always 
covered with a reflecting foil of either alumi- 
num or Mylar. 
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Nuclear Fission Produces Tritium 


By E. L. ALBENESIUS and R. S. ONDREJCIN 


Savannah River Lab., E. I. du Pont de Nemours & Co., Aiken, South Carolina 


The triton has been definitely shown 
to be a product of nuclear fission in 
experiments we conducted (1). This 
is the first time the triton has been ob- 
served in fission, although ejection of 
an alpha particle for approximately 
each 300 fissions has been well estab- 
lished (2, 3). Analysis of samples of 
natural and enriched ura- 
irradiated mixture of 
showed a 
tritium 


irradiated 
nium and an 


transuranic nuclides con- 


ratio of fissions to 
For the three types of mate- 
ratio of 1-2 x 104 
fissions per tritium atom was observed. 


sistent 
atoms. 


rials examined, a 


use 
content as an fuel 
burnup. However, the somewhat er- 
ratic distribution of tritium 
gas phase and solution upon acid dis- 


A possible application is to 
tritium index of 
between 
irradiated uranium is a 
Vacuum 


solution of 

complication. extraction of 
the gas from irradiated fuel is being 
recovery of the 


explored to permit 


tritium in a single phase. 


Experiments and Observations 
Eight samples of natural uranium, 
300— 
gave a fission-to- 
tritium 1.05 + 0.09 X 104. 


The samples on which these results 


irradiated over an exposure of 
1,600 \Miwd ton, 


ratio of 


were based were derived from experi- 
mental rods of uranium irradiated in a 
-cooled 


heavy-water-moderated and 


Savannah River production reactor. 
Exposure of the experimental assembly 
calculated from measurement of 
flow 


Samples were 


was 


coolant temperature and flux. 


sectioned from each 


rod, dissolved and analyzed for tritium 
content. Sections weighing 40-80 gm 
were cut from each rod, and any ad- 
herent film of tritiated deuterium oxide 
with a solution 
The uranium of each sec- 


removed of sodium 
hydroxide. 
tion was then dissolved in nitric acid in 
an apparatus designed to collect the 
off-gas quantitatively. The collected 
gas was scrubbed to remove nitrogen 
oxides and then was passed through a 
copper oxide combustion tube to con- 
vert any hydrogen to water. Tritium 
was measured by liquid scintillation 
counting. Dissolver solutions were 
analyzed as previously described (1). 

About 25% of the total tritium was 
found in the gas Approxi- 
mately the same distribution of tritium 


was observed in the off-gas from a large- 


phase. 


scale dissolution. 

Experiments with irradiated natural 
uranium are under way to measure 
more accurately the total fission yield 
of tritium, including determinations of 
the fraction of tritium that appears in 
the gas phase when the uranium is dis- 
solved in nitric acid. 
sults from these experiments indicate a 


consistent yield in spite of different ex- 


Preliminary re- 


posure histories. Experiments are now 
in progress to establish the fission yield 
of the other 


nuclides over a wide range of exposure. 


triton for fissionable 
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digital control systems 
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Louis A. Turner, Deputy Director 
9700 South Cass Avenue—AA4 
Argonne, illinois 
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LOMA 


COMBINATION 
ROLLING MILL 


4-HIGH 


2-HIGH 


2-HIGH SHAPE ROLLING SETUP 


Installed at the General Electric 
Hanford Works, this 3” & 14” x 20” 
LOMA 2-High/4-High Combination 
Rolling Mill offers utmost versatility 
in the hot or cold rolling of flats and 
shapes. The machine employs 
heavy-duty roller bearings of 
800,000 Ib. separating force capa- 
city, dual motor power screwdowns, 
motorized roll changing and a 100 
H.P. variable speed D.C. drive. 


MACHINE MFG. CO., INC. 
114 East 32nd Street 
New York 16, N. Y 





Relative Pulse Heights of Plastic Scintiilators 


Plastic 

Anthracene 

Styrene 

Methyl styrene 
2,4-dimethyl styrene 
2,5-dimethyl styrene 


3,4-dimethyl styrene 


Dimethyl styrene* 


Formula 


Relative pulse height 
100 


¢\ —CH = CH. 39 


CH, 45 


CH. 62 


CH. 55 


CH. 59 


CH. 60 


*A mixture containing 51% of 2,4-dimethyl styrene, 17% of 3,4-dimethy! styrene and 32% of 2,5-dimethy! styrene 





Dimethyl Styrene Yields 
More Efficient Scintillators 


By STANLEY R. SANDLER, SAMUEL LOSHAEK, 
EDWARD BRODERICK and PHILIP BERNSTEIN 


Central Research Laboratory, The Borden Chemical Co., Philadelphia, Pa 


We have found that plastic scintilla- 
tors made with dimethyl styrenes give 
pulse heights up to 60% higher than 
those made with unsubstituted poly- 
styrene. In preparing our plastic scin- 
tillators we used 3% p-terpheny] as the 
primary solute and 0.05% POPOP as 
Other 


might 


the waveshifter. solutes and 


waveshifters more efh- 
cient, but 
since the primary 
effect of the solvent. (Many others 


1.2) have studied the effect of solute 


prove 
this was not investigated 


objective was the 


composition on the pulse height but 
relatively little is known about the 
effect of the plastic solvent.) 

The table shows the relative pulse 
heights obtained with 2.3-Mev Pa?*4 
beta rays in a test on various dimethyl- 
ring-substituted plastics and on styrene 
and methyl styrene (viny! toluene), 
which have been widely studied. Simi- 
lar results were obtained with 0.6-Mey 
All pulse heights 
are relative to an anthracene crystal of 


Cs! gamma rays. 


the same dimensions. 


2,4-dimethyl styrene gives the most 
efficient plastic scintillator with a pulse 
60% higher than that 
Scintillators based 


height almost 
from polystyrene. 
on copolymers of dimethyl styrenes 
with styrene or viny! toluene give pulse 
heights that with 
styrene or viny! toluene content. Not 


decrease linearly 
one of a large number of other plastics 
studied (but not tabulated her Is 
more efficient than the 2,4-dimethy] 
styrene. 

Dimethyl! styrene and plastic sein 
lators made from them are available 
in experimental quantities from the 
Dajac Laboratories of our company 


Fabrication and Testing 


Methods for the 
dimethyl styrene monomer have been 
Plastic scintillators 


preparation ol 


described (3, 4). 
were made by the following procedure 
(2): 10 gm of monomer and the re- 
quired amounts of p-terphenyl (3%) 
and POPOP (0.05% 


20-mm-i.d. 


were placed In a 
pyrex vial. The mixture 
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was outgassed by alternate freezing and 
cooling and sealed under vacuum. 
Polymerization was carried out in a 
110° C oil bath for 3 days followed by 
heating for one day at 170° C. After 
cooling, the scintillator was removed 
and machined to a thickness of 11 mm 
and polished on one face. 

Pulse heights were measured as fol- 
lows: The photomultiplier was an RCA 
6199. The average pulse height was 
taken as the bias voltage setting re- 
quired for a particular counting rate 
(corresponding to about 4 of the in- 
coming radiation). Pulse heights so 
determined agreed within experimental 
error with those determined from the 
area under the counting-rate vs. pulse- 
height curve. Pulse heights were re- 
producible to +2 units. All values are 
reported relative to an anthracene crys- 
tal of the same size whose value is 
arbitrarily taken as 100. 
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Get full information 
on UH-9E and UH-9 
Ultra High Vacuum 
Systems 





PRESSURES TO 
1x10°° mm Hg 


Here is equipment that opens up entirely 
new fields for research—attaining Vacuum 
below 1 x 10° and making that Vacuum 
available for practical tests and studies 
with realistic pump down periods. Under 
favorable conditions Vacuum in the order 
of 1 x 10?° mm Hg has been attained 
with this 


® 


ULTRA HIGH VACUUM SYSTEM 


Illustrated is the KINNEY UH-9E Ultra High 

Vacuum System which employs the prin- 

ciple of differential pumping and features 

Ultevac® Ionic Pumps together with a Sorp- 
tion Pump and Molecular Sieve for 
the ultimate in clean, dry Vacuum, 
free from all traces of hydrocarbon 
contamination. Write for descriptive 
literature today. 


« Mean Free Path 
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3614) WASHINGTON STREET BOSTON 30 - MASS. S| 
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Fuel Damage in WIR Incident 


In the course of a calibration run on 
April 3, one of the uranium-aluminum 
tubular fuel elements in the Westing- 
house Testing Reactor failed and 
spread fission products through the re- 
actor cooling system (for a description 
of WTR, see NU, Nov. ’56, p. 138; 
news of the fuel failure is given in NU, 
May ’60, p. 26, July p. 28). No radio- 
activity spread outside the reactor site. 
When decontamination of the reactor 
permitted, most of the fuel elements 
were lifted out of the core. 

As shown in Fig. 1 each fuel element 
consists of three concentric fuel tubes, 
which surround a central unfueled 
mandrel tube in which specimens can 
be irradiated. A three-finned end fit- 
ting (not shown) on either end holds 
each assembly together. 

After all fuel elements except the rup- 
tured one (which had just been loaded 
in the reactor before this calibration) 
had been removed, a 500-lb force was 
needed to pull out the upper third of 
the failed element, which is shown in 
Fig. 2. The remains of the lower two- 
thirds stuck tight in the core and had to 
be sawed out. 

Disassembly revealed that the two 
inner tubes had melted away to within 
about 6 in. of their tops, while the outer 
tube had about 11 in. fairly intact. 


FIG, 1. 


its length, then brazing the seam. 
each assembly contains 200 gm U?*® 
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Each of three fueled tubes in a WTR fuel element is made 
by bending a regular picture-framed Al-clad U-Al flat plate along 
When newly inserted or fresh, 


3 and 4 show that a 
surprising amount of molten fuel alloy 


However, Figs. 


had run out from between the cladding; 
externally this section seemed sound. 
Detailed metallurgical 
and chemical examination of the failed 


post mortem 
element are planned. 
Since heat-transfer analyses of WTR 
operating conditions indicate that fail- 
ure could not have occurred unless the 
element had a bond defect greater than 
lg in. in diameter, spare fuel elements 
were examined carefully to learn of 
possible defects. Many small defects 
and faulty 
blisters, were found in the mechanical 
inspection. When the elements were 
fabricated, the bond was verified only 


dimensions, as well as 


In this reinspection, 
poor 


by a blister test. 
ultrasonic tests spotted many 
bonds and cracks, foreign inclusions 
and voids in the fuel. Defects ranged 
from 0.015 in. to greater than 1 in. in 
diameter. Typical flaws are shown in 
Figs. 5 and 6. 

From this evidence Westinghouse* 
concludes that fuel specifications were 
too loose and inspection was lax. To 
keep the increase in the hot-channel 
factors caused by defects below 10% in 
future fuel, WTR specifications will call 
for ultrasonic inspection to prove that 
no defects are larger than % in. In 


FIG, 2. 


fuel specifications. 


fabricating U-Al fuels. 


view of the tightened specifications, 
Westinghouse says “this particular 
batch of fuel was of questionable qual- 
ity, with over 1,464 defects having been 
found, and with over 133 of them over 
1g in. in size in a sampling of 237 tubes.” 


This experience with WTR certainly 
raises questions about the usefulness of 
the blister test for checking the bonding 
of fuel for high-power test reactors. Al- 
though they are more expensive, ultra- 
sonic tests might find their way into more 
Other questions 
might be asked about current practices in 
How effective 
is open-pot vs. vacuum melting in elimi- 
nating gas inclusions? How sound are 
chemical analyses of samples from the 
top, middle and bottom of a fuel-alloy in- 
got—might a radiation-count scan deter- 
mine U concentration and uniformity 
better? Canathick fuel plate be bent 360 
deg without risk of shearing along the 
clad-meat interface? Unless answers to 
such questions are found either fuel-fabri- 
cation costs will rise or the need to decon- 
taminate reactors will be repeated. 

Tue Epirors 


*The data presented here are from 
Report on WTR Fuel Element Failure 
April 3, 1960," Report WTR-49 (Westing- 
house Electric Corp., July 7, 1960). 


Appearance of the fuel fragments is evidence of the sud- 
denness and vigor with which the fuel element melted 
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FIG. 3. U-Al fuel alloy melted and ran| 
out from between the Al cladding as high | 
as 55 in. from the top of the center tube | 
(top 3 in. of tube is Al end closure) (as cut | 


by hacksaw; unpolished) 


FIG. 4. Inhomogeneity in the U-Al fuel 
alloy or poor bonding to the cladding 
is suggested by small (~1¢-in. thick) 
holes such as this one (as cut by hacksaw; | 
unpolished) 


FIG. 5. Typical void in the fuel alloy | 
that was located by ultrasonic tests, of | 


spare elements 
| 


FIG. 6. Typical void in the fuel alloy 
that was located by ultrasonic tests of 
spare elements 
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MODEL #N616 


»seees « THE EKCO N616 
VIBRATING REED ELECTROMETER 


Unsurpassed performance and flexibility at low 
cost. Proudly offered as successor to the widely 
used and well known EKCO N572 Electrometer. 


The name Ekco Electronics, Ltd. signifies more than world-wide 
representation and acceptance on six continents. Whether it be 
instruments for precise radiation measurements, unique laboratory 
research, reactor monitoring, public health and plant safety, or 
industrial gaging through isotopes, Ekco Electronics, Ltd. on the 
nameplate of an instrument represents the acme of excellence in 
design, performance, dependability and long-lasting value. An im- 
pressive list of companies and institutions throughout the world 
use Ekco equipment. 


The above instrument is one of a large and complete range of 
EKCO instruments described more completely in the EKCO cata- 
logues available upon request. We cordially solicit your inquiry. 
Write today for name of franchised EKCO representative nearest 
you. 


NOW FULLY PROVEN 


the EKCO low-cost Scintillation System for Tritium and Carbon 14 counting. 
The EKCO Scintillation Counter has been thoroughly evaluated 
and proved in actual use. It is accepted as the best dollar value on 
the market ... convincing proof that superb instrumentation need 
not be expensive. 


Factory Sales and Service in U.S.A. 
(See Below) 


EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
ELSEWHERE: Ekco Electronics Ltd., Southend, England 





Safe Design of |n-Pile Tests 


By THEODORE BERESOVSKI, United States Atomic Energy Commission, Brussels, Belgium 


A large in-pile experiment is nearly 
as complicated, in terms of hardware 
and instrumentation, as the test reactor 
in which it is to be placed (see Fig. 1). 
In addition, to fit into the reactor the 
test system must often assume weird, 
tightly constricted configurations; this 
is especially true for the test section 
the part that must withstand intense 
neutron and gamma irradiation, usually 
at high temperature and pressure. 
There are potential hazards enough in 
operating a system such as this out-of- 
pile; clearly when the experiment is put 
into a reactor the potential interaction 
between the twosystems will compound 
the hazards inherent in the reactor or 
experiment alone. 

The design of an in-pile experiment 
must guarantee that none of these 
hazards will come to pass with any rea- 
sonable probability, during both nor- 
mal and abnormal operation. More- 
over, the design must also be safe from 
hazards during fabrication, testing, in- 
sertion, and withdrawal of the test 
apparatus. 

To understand how the design engi- 
neer can successfully meet this most 
challenging hazards evaluation prob- 
lem, we will first discuss the general 
classes of hazards associated with ir- 
radiation experiments and methods by 
which they can be analyzed and then 
we will deal with techniques for reduc- 
ing or eliminating hazards. 


Safety Evaluation 


Each irradiation experiment must be 
analyzed (a) to ensure safety under 
normal operating conditions and (b) to 
ensure safety under all ‘‘credible”’ ab- 
normal circumstances involving the reac- 
tor as well as the test apparatus. 

Specifically, four major hazards must 
be examined, their probabilities as- 
sessed, and their potential consequences 
determined: excessive temperature, 
material and component failure, sud- 
den reactivity change and chemical ex- 
plosion. These conditions are often 
interdependent. 


Excessive Temperature 


The designer must show conclusively 
that the normal operating tempera- 
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PRTR corey. 


Ex-reactor 
test section 


Electrical 
pre-heater 


In-reactor | 


test section / 
inlet Filter 


FIG. 1. 


PRTR IN-PILE LOOP dwarfs core of Plutonium Recycle Test Reactor. 


Regenerative heat exchanger 
1_~ He shroud coolant 
i system 


Water cooled 
-— heot 
exchangers 


+—++—— Compressors 





y 


Loop coolant 


is CO; flow will be up to 15,000 lb/hr at maximum pressure and temperature of 500 psig 


and 1,500° F. 


Maximum power generation will he 500 kw. 


Loop equipment forms pack- 


age of roughly 5 ft < 20 ft 25 ft and supplies single in-pile test section (which replaces 
one of reactor process tubes) plus identical out-of-pile test section (which serves as control). 
Loss of either coolant flow or pressure or high outlet temperature in loop scrams-reactor. 
Last ditch safety injects water into test section. Courtesy of D. E. Baker et al, G.E.-HAPO 


tures for his experiment do not exceed 
the limits of any of the components. 
Furthermore, he must show that all 
“credible” abnormal circumstances 
will not cause temperature changes 
great enough to jeopardize the experi- 
mental equipment or exceed tempera- 
ture limits imposed by the reactor (see 
Fig. 2). 

To arrive at these guarantees the 
designer first evaluates the heat-gener- 
ation rate in the experiment and assures 
himself that the heat generation can be 
reduced fast enough and for a period 
long enough to avoid dangerous tran- 
sient or steady-state conditions. He 
then sees that, after a reactor shut- 
down, the heat can be removed from 
the experimental equipment either 
until the equipment can be withdrawn 
or until, owing to radioactive decay, 
excessive temperatures are no longer 
possible. He may use elementary 
heat-transfer methods to estimate 
maximum temperatures in the appa- 
ratus, but is careful to offset the uncer- 
tainties introduced by these methods 
with adequate safety factors. 

A study (1) by the Heat Transfer 


Subcommittee of the Phillips Reactor 
Safeguards Committee delineates the 
uncertainties in temperature calcula- 
tions for forced-convection, nonboiling 
water systems. The Subcommittee 
recommends that the heat-transfer 
characteristics of all experimental 
equipment to be installed in the ETR 
and the MTR be determined from the 
modified Colburn equation (1). (All 
properties are evaluated at the average 
between the bulk water temperature 
and the wall temperature. The expo- 
nent of the Prandtl number is set equal 
to 0.300 rather than 0.333.) The Sub- 
committee recommends that a 
safety factor of 1.2 be included in these 
calculations. Throughout the study, 
the analysis of experimental uncertain- 
ties was emphasized, and the conclu- 
sions are directly applicable to all 
irradiation experiments. 

As a result of its study, the Subcom- 
mittee has requested for each experi- 
ment a hot-spot, hot-channel analysis 
in which numerical values are assigned 
to all uncertainties. The heat-transfer 
effect of each uncertainty is estimated 
by determining three quantities: A 
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high radiation 
strong, hard resistance 
vacuum-tight 


ALITE 

thermal . 

shock 

resistance ALUMINA 
CERAMICS 


llent 
reliable electrical aa 


properties ontite, resistance 


ALITE—the high-alumina ceramic developed 

by U. S. Stoneware—is meeting many difficult 
design requirements related to nuclear 

energy projects. If you need a material that must 
maintain high mechanical strength and 
load-bearing properties at elevated temperatures; 
that has high dielectric strength and low loss 
characteristics; that has superior resistance to 
corrosion, abrasion, thermal shock and nuclear 
radiation—perhaps Alite is your answer. 


Tell us your specific requirements. Our ceramics 
specialists will provide all possible assistance in 
applying Alite to your nucleonic design problems. 


For full description of Alite, plus data on Alite Ceramic- 
to-Metal Seals, write for Bulletins A-7R and A-40. 


ALITE DIVISION 





ORRVILLE, OHIO 


“a-F ‘New York Office — 60 East 42nd St. 
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Is That Not 
A Sailor Boy? 


. . « Nol It’s our News Chief 
diving after another exclusive 
for NUCLEONICS WEEK. 


@ The extent of the Polaris 
submarine speed-up .. . 

@ Navy core contract awards... 

@ Launching plans for eight- 
reactor carrier, Enterprise... 


These stories, carried exclusively 
in NUCLEONICS WEEK, are typical 
of the output of McGraw-Hill’s 
200-man world-wide news force 
—ready to serve you through 
NUCLEONICS WEEK. 


Make a date this week with... 


NUCLEONICS 
WEEK 330 WEST 42nd ST., 


NEW YORK 36, N.Y. 
A subscription card is enclosed in 
this issue for your convenience. 
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Hot-Spot Factors for Typical In-Pile Loop 


Uncertainty 


Effect of plenum-chamber conditions upon flow distribution to 


parallel reactor channels 
Effect of fuel-element warpin 
ping 


Combined effect of tolerances for core alloy in fuel-element thickness 


and concentration 


Combined effect of tolerances on clad-thickness and water-channel 


dimensions 
Precision of flux-distribution calculations 


Hot-spot factorst 
Fy Fy 


Q2 O02 


1.04 .03 
1.08 21 


40 


| Local variations in axial heat-flux distribution 


Accuracy of fuel thermal conductivity 


Precision of heat-transfer-coefficient correlation 


| Variation in heat-transfer coefficient on the fuel-element surface 
| Precision in measurement of power output 
Inaccuracies in measurement of channel temperature rise * 


Deviations from theoretical mixing ft 


* Replaces hot-spot factor Far when temperature rise in each channel is monitored. 
t Replaces water-temperature-rise factors in Fat 


connected 
t See text on this page for definitions. 


10 
10 
30 


when coolant channels are inter- 





hot-channel factor Fy = AT um (max), 
AT un (nom), a hot-spot factor Fy = 
AT gm (max)/AT sm (nom) and a ratio 
| Far, which takes into account all addi- 
tive temperature uncertainties that are 
not reflected in either F, or F,. The 
product Fy X Fx X Fay multiplied by 
the average temperature gives an esti- 
mate of the maximum temperature to 
be expected. If this maximum is below 
the temperature limitations of the ex- 
periment, the heat-transfer analysis can 
| be considered complete and the condi- 
tions acceptable. 

If the predicted maximum tempera- 
ture exceeds the maximum allowable, 
the analysis must be further refined to 
determine the probability that the 
maximum temperature might actually 
Sometimes uncertainty factors 
are duplicated; these 
duplications must carefully 
eliminated. The designer must also 
assess the likelihood that several factors 
will combine to produce the excessive 
temperature. Often this probability 
is so low that it can be ignored. In any 
event, the hot-spot, hot-channel analy- 
sis enters as an essential factor in the 
whether or not 


occur. 
inadvertently 
now be 


final decision as to 
an experiment is safe enough to be 


undertaken. 


Component Failure 


Failure of materials and components 
| during a test can result not only from 
abnormal temperature but also from 
one or more of the following conditions: 


loss of strength, increased pressure 


stress 


changes of state, corrosion and 
Unfortunately, 


) 
radiation 
stress phenomena outside the elastic 


damage. 


range and the self-equilibration of ther- 
mal stresses are very difficult to analyze 
embrittlement, 
thermal-cycling 
comparatively minor 


mathematically. In 
shock 


phenomena, 


fatigue, and 
changes in composition or environment 
can have very effects. 
Under these conditions, empirical test- 
ing, although costly and time-consum- 
ing, is often the only reliable approach. 


pronounced 


But even though experimental data are 
carefully analyzed and compared with 
the results of engineering calculations, 
safety factors are still 
These factors can be as high as 4 or 5 
for containment jackets or shells, and 
may approach unity for the life-time 
endurance of a high-temperature, high- 
priority, military test component that 


unavoidable. 


is otherwise adequately protected 
against failure. 

To calculate the maximum stresses, 
the designer must first estimate the 
maximum pressure. Given the heat- 
transfer analysis, which establishes the 
maximum temperatures to be expected, 
he estimates pressure increases in solids 
from expansion coefficients, in liquids 
from vapor-pressure data, and in gases 
by applying the gas laws. 

The designer must also not forget 
changes of state. Usually these are 
expansion, and he 
that no harmful 


accompanied by 
show either 
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CRITICAL PIPLNSG PORTH E NVC EAR AGE 


HOT TEST 
LOOP 
OF 
10° INCONEL PIPED BY MIDWEST 


for Knolls Atomic Power Laboratory 


Through this project ...an important “first” in atomic 
power development . ... Midwest proved conclusively that 
heavywall Inconel piping can be fabricated and erected 
to meet the most stringent requirements. 


Designed for testing materials and components of pressur- 
ized water reactors, this loop was fabricated by Midwest’s 
St. Louis plant from Midwest-manufactured Inconel pipe 
and fittings, 1034’’ O. D. with a wall thickness of 1”’. 
Other Inconel and stainless welding fittings and pipe, 
Inconel socket welding fittings and Inconel butterfly valves 
were also manufactured by Midwest. 


Erection of the time- and money-saving prefabricated 
Inconel piping—all auxiliary piping, the complete electrical 
power and control system and instruments—was handled 
entirely by Midwest’s competent field erection department, 


For complete service . . . welding fittings, 
shop fabricated piping, and erection serv- 
ice... CONTACT MIDWEST. 


Write for NEW 20-page bulletin— 
CRITICAL PIPING FOR THE NU- 
CLEAR AGE—describing Midwest’s 
nuclear experience. 


MIDWEST PIPING COMPANY, INC. 
1450 South Second Street, St. Louis, Mo. 
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Research Engineers 
and Scientists 


needed for continuing expansion 
in nuclear technology at 


Atomics International 


Heat Transfer and Fluid Mechanics. Both theoretical and 
experimental heat transfer research, fluid mechanics and 
hydraulics research, including hydro-dynamic performance 
of fuel elements, and investigation of convective and boiling 
heat transfer characteristics of reactor coolants. 


Reactor Analysis. Complete nuclear, thermal and structural 
analysis including criticality, flux and power distributions 
and fuel cycle analysis. 


Systems Analysis. Analysis and simulation of complete 
nuclear power plants to develop reliable, unattended, com- 
pletely automatic control and instrumentation systems, in- 
cluding reactor kinetics, dynamics, hazards and reliability 
analysis. 


Reactor Shielding. Experimental and analytical shielding 
techniques and materials development for both central sta- 
tion and compact power reactors. 


Reactor Operators. Engineers to install, operate, maintain 
and modify compact reactor power plants. Good knowledge 
of test instrumentation required. 


ROME, SR ig 


Reactor Power Plant Engineers. To assume full responsibil- 
ity for planning execution and analysis of test reactors and 
power plants leading to fully automatic, remote systems. 


Space Environmental Testing. Component development and 
space environmental testing of nuclear power plant compo- 
nents including high vacuum, vibration, shock, thermal and 
orientation testing. 


Process Development. Development of chemical processes 
for organic cooled and moderated reactors on bench and 
pilot plant scale. 


Radiation Effects. Analysis of radiation effects on organic 
and solid electronic materials, including experimental deter- 
mination of physical and thermal properties of organic fluids 
at elevated temperatures. 





Process Instrumentation Engineers. Thorough knowledge of 
process instrumentation and control systems. Background 
should include experience in chemical process plant, refin- 
ery, power plant or reactor instrumentation. 


For specific details write: Mr. C. J. Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, Canoga 
Park, California. 


ATOMICS INTERNATIONAL “fF? 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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Metallurgists 
and 
Engineers 


Reactor Materials. Investi- 
gation and analysis of me- 
chanical and physical prop- 
erties of nuclear fuels and 
materials for high tempera- 
ture reactors. Development 
of ferrous and non-ferrous 
alloys. 

Fuel Element Engineering. 
Complete analysis and de- 
sign of fuel elements in- 
cluding nuclear, thermal, 
material, mechanical and 
cost analyses. Theoretical 
determination of creep and 
stress under all operating 
and fuel handling condi- 
tions. 


Fuel Fabrication. Develop- 
ment of equipment and proc- 
esses for fabrication and 
assembly of fuel elements. 
Develop melting, alloying, 
forming, welding and join- 
ing processes for new alloys 
and ceramic materials. 


Corrosion Research. Corro- 


sion and heat transfer re- 
search on new materials and 


advanced liquid metals at 


elevated temperatures. 


Hot Cells. Design and devel- 


opment of hot cell equip- 
ment and processes. Remote 


handling of radioactive ma- 


terials, especially metallur- 


gical and physical testing. 
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effects can result or that the tempera- 
ture control incorporated is good 
enough to rule out any changes of state. 
In water systems, for instance, the ex- 
tremes of freezing and boiling must be 
avoided. In some liquid systems, slug 
| formation can cause troubles. A 
liquid-salt solution can separate and 
form solids likely to damage a centrifu- 
gal pump. A solid slug in a liquid- 
| metal system could stop circulation, 
causing excessive temperatures. 
Corrosion, erosion, and mass transfer 
can also lead to dangerous conditions 
through the formation of plugs at cold 
spots in circulating systems. These 





| effects depend on fluid velocity, im- 


purity content and temperature. The 
purity-control system deserves special 
attention because harmful impurities, 
such as oxygen, must be kept within 
safe limits. Corrosion and erosion can 
penetrate materials deeply and reduce 
thicknesses significantly. After evalu- 
ating these effects, the experimenter 
must design the equipment to allow for 





the loss of strength that will result from 


| corrosion and erosion. 


Irradiation damage, by changing the 
physical properties of materials, can 


| affect the safety of an experiment. 
| Although we have considerable under- 
| standing through solid-state physics 
| studies, the existing theory does not 


predict irradiation effects very pre- 
cisely and one must rely on what em- 
pirical information is available. When 
conclusive data are not available, 
safety may require a series of prelimi- 
nary irradiations in which integrated 
flux values are successively increased 


a vacuum pump 
as dynam ically 
balanced 


Irradiation Experimentation. 
Design and conduct irradia- 
tion experiments on reactor 
fuels over wide range of 
radiation and temperature 
conditions, including simu- 
lation of conditions expected 
in full scale power reactors. 
Development of equipment 
and techniques for post- 
irradiation testing and eval- 
uation of these experiments. 


but each time are kept within the 
limits to which the data from the previ- 
ous test can be reliably extrapolated. 


Reactivity Changes 
Possible reactivity changes must be 
| foreseen and closely controlled to avoid 
| damage to the experimental equipment 
as well as to the reactor itself. Experi- 
ments involving significant amounts of 
fissionable material, or material with 
large neutron-absorption cross sections 
or moderating ratios, are particularly 
dangerous. Such experiments cannot 
be performed unless the designer can 
Park, California. prove that sudden changes will not 
dangerously increase reactivity. In 
conducting experiments of this kind, 


LE, 
A TOMICS CAFS some of the possibilities that one must 


—e guard against are changes in position 


INTERNATIONAL | of the reflector, moderator, or fuel 


A DIVISION @F NORTH AMERICAN AVIATION, INC. | materials caused by inaccurate place- 


For specific details write: 

Mr. C. J. Newton, Personnel 
Office, Atomics International, 
8900 DeSoto Avenue, Canoga 
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Producing intense and unusually “clean” colors 
such as yellow, blue and pink for porcelain enamel 
glazes. 


Producing microwave ferrite components for use 
in isolators, circulators, switches, and phase 
shifters based on Faraday rotation in circular 
waveguides. 


Producing high neutron opacity cermets and 
ceramics with desirable daughter reaction prod- 
ucts for nuclear control rods. 


Producing excellent dielectric ceramic compo- 
nents for high and low temperature applications, 
and flame-spray coatings for metal components. 


Your current program can now include a screening of 
the many interesting potentials for rare earth oxides 
because these oxides are readily available in quantity. 
We shall be pleased to assist you with your application. 


RARE EARTHS AND THORIUM DIVISION 
MICHIGAN CHEMICAL 
CORPORATION 
682 North Bankson Street, Saint Louis, Michigan 
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ment, meltdown, explosion, or radia- 
tion-induced disintegration. 

Liquid- or dispersed-fuel tests pre- 
sent unique problems. -In-pile circu- 
lating loops, ordinarily used to develop 


these types of nuclear fuels, have large 


amounts of fissionable material in the 


out-of-reactor sections of their primary 


circuits. Rapid precipitation and con- 
centration of fissionable material in the 
in-pile sections could cause a power 


}excursion. To analyze this possibility, 
the designer must evaluate the com- 


position and properties of the fuel, 
particularly its deposition character- 
istics at various velocities and tempera- 
tures under the normal and abnormal 
operating conditions of the proposed 


experimental apparatus. 


In many experiments performed in 


| high-power-density test reactors (such 


as the MTR and the ETR), the reac- 


| tivity effects of experiments are impor- 


tant to the operator not only for the 
reasons already noted but also because 


|they affect the reactor fuel loading. 


Since these reactors may contain 
dozens of experimental assemblies, 
with both negative and positive re- 
activity effects, it is very difficult to 
calculate their total effect accurately. 
Hence the construction of. a critical 
assembly solely for reactivity measure- 
ment may be justified, as it was at the 


MTR and ETR., 


Chemical Explosions 

The possibility of a chemical explo- 
sion is determined principally by the 
compatibility of the reactants, the 
extent to which they are intermixed, 
their relative amounts, and their 
temperatures. If these are known and 


|if the results of previous experiments 


are applied, the designer can usually 
predict the likelihood of an explosion. 

In some experiments, such as those 
in which water is decomposed by ir- 
radiation into hydrogen and oxygen, 
potentially explosive reactants cannot 
be completely separated. If so, the 
designer must make sure that the 
reactants cannot be present in explosive 
concentrations. If the possibility of 
explosion cannot be completely elim- 
inated, the effects of an explosion on 
the container that confines the re- 
actants must be evaluated. Under 
proper conditions explosions can be 


| allowed to take place within reactors: 


experiments have been performed 
in which aluminum-uranium samples 
mounted on ceramic cups were exposed 
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DYNAMITRON ELECTRON ACCELERATOR... 
featuring high power (up to 30 KW) 
and industrial reliability. 


DYNAMITRON POSITIVE ION ACCELERATOR... 
featuring wide voltage range (up to 3 MEV), 
constant potential and the high 

current Dynamag ion source. 


DYNAMITRON ACCELERATORS... 
have won international acceptance in 


research and industrial applications. RADIATION DYNAMICS, INC, 


For detailed information 
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Reactor Operations 
and 
Analysis 


Atomics International is seeking qualified engineers and sci- 
entists interested in gaining reactor operations and analysis 
experience in connection with an operating experimental 
reactor. The following positions are immediately available 
at the Organic Moderated Reactor Experiment located at 
the National Reactor Test Site, Arco, Idaho. The OMRE is 
operated by Atomics International for the Atomic Energy 
Commission. 


Chemical Engineers 

Three to five years experience in chemical industry with 
emphasis on unit operations. Experience in reactor coolant 
chemistry desirable but not necessary. 


Reactor Operations 

BS in engineering with knowledge of chemical plant oper- 
ations. Reactor experience desirable but not necessary. 
Responsibilities will include direction of reactor operating 
crews. 

Reactor Maintenance 

BS in Mechanical Engineering or equivalent. Activities will 
include directing the maintenance and modification of the 
existing reactor facility and planning and coordination of 
future expansion. Knowledge of chemical plant operation 
and maintenance as well as experience with radiation desir- 
able but not required. 

Senior Physicists 

MS or PhD with three or more years experience in reactor 
physics calculations. 

Heat Transfer 

Engineer with several years experience in heat transfer and 
mechanical analysis. 

Radiochemist 

Experience in radiochemistry and use of radiation counting 
equipment. 

Reactor Shift Operators 

Three years experience in nuclear reactor operations. 
Responsibilities will include reactor control together with 
observation and recording of operating data. 


For specific details write: Mr. C. J. Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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FIG. 2. RUPTURE [inside view) of high 
pressure water loop operating in ETR. 348 
SS tube wall failed after localized over- 
heating over 1,400° F. Design conditions 
were 2,000 psi and 600° F. Courtesy D. R. 
DeBoisblanc, Phillips Petroleum 


to water and exploded inside the MTR. 

If the designer cannot decide whether 
an explosion hazard exists on the basis 
of analyses alone, he may be able to 
carry out an experimental program to 
further evaluate the risk. Otherwise, 
he is forced to assume that an explo- 
sion may occur and to design the 
equipment accordingly. 


Safe Design 


Unfortunately total elimination of 
all hazards is difficult, if not impossible, 
and some risk has to be accepted if new 
experiments are to be _ performed. 
Often the risk is small enough to be dis- 
regarded in practice. At other times, 
the acceptability of an experiment be- 
comes largely a matter of judging the 
probability that hazardous conditions 
will arise or that all safety provisions 
will fail, as well as the severity of the 
resultant accident. 

One of the designer’s main objectives 
is to reduce the probability of a serious 
accident to a negligible value. To do 
this he applies two basic and comple- 
mentary principles of safe design: 
(a) he eliminates hazardous conditions 
in the experimental equipment as far 
as is possible without compromising 
the desired experimental conditions, 
and (b) he uses multiple safety pro- 
visions that operate simultaneously to 
ensure against major accidents. 

Eliminating hazards. Hazards eval- 
uation should be much more than an 
after-the-fact attempt to satisfy the 
requirements of a safety committee. 
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The designer will find it easier and 
more effective to eliminate hazards 
while the equipment is being designed 
rather than after it is built. Following 
are some of the ways potential hazards 
can be reduced or eliminated: 

It is always advisable to test on 
the smallest scale that will give the 
desired results. Experimenters are 
often tempted to use large samples and 
full-scale test components when they 
are easily available, even though the 
required data can be obtained with 
smaller specimens. In experiments 
with small specimens one can more 
easily maintain very large safety 
factors and keep the danger of un- 
predictable incidents to a minimum. 

If possible, all pressure-vessel de- 
signs in irradiation-test equipment 
should follow the conservative ASME 
Pressure Vessel Code, Section VIII 
(Unfired Pressure Vessels). Pressure 
and thermal stresses should be com- 
bined and the possibility of an explo- 
sion fully evaluated. Stress concen- 
trations such as those that occur where 
tube diameters change abruptly should 
be avoided. The designer may find it 
advisable to incorporate expansion 
voids and to prestress parts to mini- 
mize stresses developed at high tem- 
peratures. Finally, specifications for 
in-pile tests should call for extensive 
reduction valving on all supply tanks; 
the tanks should never operate at large 
excess pressures. 

Special design precautions are needed 
to prevent liquids and gases from leak- 
ing from the test apparatus. Con- 
tainers for comparatively simple ex- 
periments can be designed so that they 
can be filled and sealed during prepara- 
tion; but for more complicated experi- 
ments (particularly when gases are 
involved) it is often preferable to fill 
the system after inserting it into the 
reactor and to drain or purge it before 
removal. Test apparatus can be 
vented directly to the reactor off-gas 
system or through holdup tanks and 
traps. Charcoal traps are very effec- 
tive if they are adequately cooled and 
large enough to hold up the fission 
products for the required time. 

Welding is probably the most impor- 
tant way to avoid leakage and should 
be used wherever possible in irradiation 
experiments. Often the welds are 
difficult and some must be done in an 
inert atmosphere. The designer must 
avoid specifying welds that cannot be 
satisfactorily inspected as well as those 
that present unnecessary difficulties for 
the welder. (Cont. on p. 116) 
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In forced-convection experiments, 
pumps and blowers deserve special 
attention since they can easily become 
sources of fluid contamination or paths 
of escape for radioactive vapors, gases, 
or fluids. Canned-rotor pumps have 
been developed as one solution to this 
problem. Gas-seal pumps are another 
one. 

Because temperature control and 
safety are closely related, heaters and 
coolers for irradiation tests must be 
designed with great care and should be 
as dependable as possible. Experi- 
ments should be designed so that any 
coolant failures that cannot be com- 
pletely ruled out will have only mild 
effects if they do occur. Ordinarily, 
test equipment that uses the reactor 
coolant as the ultimate heat sink is 
safer in this respect than other kinds 
because of the large volume and the 
dependable instrumentation of the 
reactor cooling system. However, one 
should remember that boiling in the 
reactor coolant can create serious 
reactor control problems and thus can- 
not be tolerated. 

Simultaneous safeguards. The 
probability that several independent 
safety devices will fail simultaneously 
is smaller than the probability that any 
of them will fail singly. For this 
reason, the equipment for every irradia- 
tion experiment should incorporate 
several safety devices in parallel, so 
that a major accident can result only in 
the event of two or more simultaneous 
failures. 

After the experimental apparatus is 
inserted into the reactor, the only indi- 
cation of imminent danger may be that 
from the instrumentation. It may not 
be enough, therefore, to measure only 
the desired test variables; it may also 
be necessary to measure all the varia- 
bles that could indicate potentially 
hazardous conditions without regard 
for the interrelationship of the variables 
measured. Those frequently meas- 
ured independently include tempera- 
ture, pressure, flow rate, power and 
radioactivity. 

Important variables should be meas- 
ured at more than one point with 
fail-safe instruments. One or two of 
the sensing devices should be at or very 
near the point where the most critical 
conditions are expected. For example, 
several thermocouples should be in- 
stalled at the outlet and inlet of the 
hottest and coldest sections of the test 
equipment. There should also be 


September, 1960 - NUCLEONICS 





This 2-KW Sonogen® ultrasonic-cleaning installation was designed in 
collaboration with the Lycoming Division of Avco to handle the toughest 
jobs in the shop. Planned originally for close-tolerance gas-turbine parts 
whose complex geometry and heavy scale handicapped old-fashioned 
cleaning methods, it now works three shifts on air diffusers (photo) 
and other difficult parts pre-selected for efficient Sonogen® cleaning. 
Repeated cycling in conventional cleaning baths failed to remove all 
scale, oxide and soil; now the fast, efficient scrubbing action of 
Sonogen® cleans every surface thoroughly without re-cycling / Your 
problem may be different from Lycoming’s, but the solution is probably 
the same — a Sonogen® ultrasonic-cleaning system engineered for your 
needs. Write today, giving us full details. 


ULTRASONIC CORPORATION 
24 BROWN HOUSE ROAD, STAMFORD, CONN. 











FC-501 FIELD CONTROL 
” 6-501 GAUSSMETER 


L-128 ELECTROMAGNET 


HS-1050 POWER SUPPLY 





HARVEY-WELLS ELECTRONICS, INC. 
14 HURON DRIVE, NATICK, MASS. 
CEDAR 5-7370, OLYMPIC 3-7380 











atey WELLS 


Vol. 18, No. 9 - September, 1960 





[NUCLEAR ENGINEERING 


VI : R EOS! [ | se »veral transmission lines leading to a 


PURE 
FUSED 
QUARTZ 


FOR USE IN PRODUCTION OF 
SEMI-CONDUCTOR METALS... 


VITREOSIL is ideal for producing such 
metals as germanium and silicon. Write 
us your requirements or special problems. 
See our ad in Chemical Engineering Catalog. 


SPECTROSIL’ 
FOR HYPER-PURITY IN 
SEMI-CONDUCTOR WORK 


PURITY — purest form of fused silica 

TRANSPARENCY — unique optical properties 

HOMOGENEITY — completely homogeneous 
and free from granularity 

AVAILABILITY — block material for lenses, 
prisms, etc; rod, fiber, weol; hollow 
ware as tubing, crucibles, and special 
apparatus. 


Write for complete, illustrated catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC 


‘ 
n \ 
18-20 -Salem § over j 


| carried too far. 





| number of instruments and recorders. 

Instrumentation, however, can be 
An over-instrumented 
safety system can repeatedly shut 
down the reactor and interrupt all 
experiments because of instrument 
failures. Loop operators are then 


| tempted to ignore signals and warnings 


from instruments and to bypass inter- 
locks that may be essential for safety. 


This article starts on page 106 


The author wishes to thank Allis Chalmers 
Mfg. Co. for permission to use material pre- 
pared while he was with the company. 
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WELDING 14-in.-dia Inconel pipe for 
the DIG prototype reactor system 


Fabricating Inconel Piping 
Systems for TF-65 Loop and 
D1G Prototype 


By EUGENE H. IRWIN, Midwest Piping Company, Inc., 


Interest has quickened in Inconel* 
nickel-chromium-alloy piping for nu- 
clear systems. Stainless steel, which 
has been a popular material for water- 
cooled reactor systems, is subject to 
stress-corrosion cracking when chloride 
ions are present in the water. But 
‘tests show Inconel is immune to this 


* Trademark of International Nickel Co., 
Ine. 


St. Louis, Mo. 


type of cracking. Inconel presents no 
insurmountable fabrication problems— 
we have built a test loop and a proto- 


type reactor cooling system of Inconel. 


Hot Test Loop 


Our first assignment was to furnish 
and install an all-Inconel-alloy high- 
pressure test loop. For this loop we 
fabricated 125 ft of 1034-in.-o.d. seam- 
welded pipe having 1-in. wall, 10-in. 
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Find the “other man” and you'll find another reason 
why you should come to Carlson for your stainless 
steel plate and other stainless products. The “other 
man” is an unseen crane operator. He, together with 
the hook-up man directing the loading of a stainless 
head in our shipping bay, is working “after hours” 
for one purpose—to assemble and ship a customer’s 


order fast 


Why? The customer’s production schedule may as 
have changed suddenly. Perhaps quick delivery is (4 ( ) | (H/ \) 33) t So} 't 7, 
needed to repair a vital piece of equipment. Whatever 2 2 : NC. 


the reason, the customer knows he can count on D % St 5 
clues tainless Steel 


Carlson for exceptional service. For Carlson is accus- 
tomed to producing and delivering, fast, a wide variety 138 Marshallton Road 
of high quality stainless steel products. THORNDALE, PENNSYLVANIA 
Specialized Carlson service is as near to you as District Sales Offices in Principal Cities 
your phone. Call or write for prompt action. The PLATES + PLATE PRODUCTS « HEADS + RINGS + CIRCLES + FLANGES + FORGINGS « 
phone number: DUdley 4-2800. BARS AND SHEETS (No. 1 Finish) 
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weld ells, 3-in. weld ells, socket welding 
fittings and special nickel-chromium- 
alloy butterfly that 


tions of the test loop could be removed 


valves. So seC- 
for inspection, some of the joints were 
of the forged 
Materials, 

the TF-65 loop were to be in accord 
with the ASA Code for Pressure Piping. 
Although Inconel was not then covered 
bv the that 
our methods would satisfy its rules for 


lap-joint flange type. 


fabrication and erection of 


Code, we demonstrated 


new materials. 


Inconel for DIG Prototype 


Our second major assignment was to 
manufacture pipe and fittings for the 
primary cooling system for the proto- 
type reactor for a nuclear-powered 
cle strover. 

This project, for 
fittings had to 


Navy specifications, required hot-form- 


which pipe and 
meet more stringent 
| 1¢—234-in.-wall welding 
pip 
Inconel ne had 
such wall thicknesses and to such strin- 
with 


ing 14-in.-o.d 


fittings and irom Inconel plate. 


vel been called for in 


gent Thus, even 
the 
had to de 


specifications. 
TF-65 experience to draw on, we 
velop fabrication methods and 
modify specifications during fabrica- 
tion of the D1G piping. 

Fabrication development. 


DIG 


The 
presented a formidable 
What 
tec] niques ould provide the strongest 
How 
d heat-treatment cycles of the 
affect the 
al and dimensional] 
properties of the product? What typ 
vield the 


project 


array. of questions welding 


and cleanest welds”? 


would the 
repeate 
manufacturing process 
strength, me tallurgi 
would most 


of welding rods 
satish results ° 


To le irn the 


rectory 
made a test 


about SS ft 


unswers, We 
imen of Inconel 
with a 10-in 
all. We sectioned this piece during 


sper pipe 


diameter and 1-in. 


iong, 


ge of manufacture to learn the 
range of heat-treatment temperatures 
| rical characteristics after each 
effects of welding technique s 
hough the test 


results 
mited size range, 
useful data on the effect 
mechanical proper- 
repeat d heatings 

1,900° 
| strength below the speci- 
30,000 With 


nformation to guide 


f 1.850 


psi. 


started producing the 14-in. pipe 


and fittings 


This article starts on page 118 


Plate 


To keep down the radioactivity that 
would be induced in corrosion products, 
the purchased plate to be used in mak- 
ing the piping could contain no more 
than 0.10% cobalt. 


proper mechanical properties, carbon 


To help maintain 


content was in the 0.04-0.08°%. range. 
The D1G specifications required that 
the yield point of the 14-in. hot-formed 
welding fittings and pipe be 30,000 psi. 
This was difficult to provide since the 
plate from which these items would be 
formed also had a 30,000-psi minimum 
We were 
concerned about the effect repeated 
the 
manulacturing 


vield in the annealed state. 


might have vield 
(the 


involved two or three heating and form- 


heating on 


strength process 
ing cycles). So, to increase the range 
of forming temperatures, we purchased 
hot-rolled 
(35,000 


raw material with an 


Aas- 


rolled temper psi minimum 
yield strength) instead of inan annealed 
Test bars from the plate 


1,.800° F 


condition. 


were annealed at for 45 min 


and cooled in air; then the mechanical 
properties were determined so as to 
guide our production efforts. 

To find any defects in the plate, we 
examined the entire plate ultrasonically 
straight-beam 
a '4-in. flat- 
calibration stand- 


Also, the 


edges of the plate were ground and dye- 


using both longitudinal 
and angle-beam methods; 
bottom hole was the 
ard for the straight beam. 


penetrant examined to expose non- 


metallic inclusions 


Hot Forming 


The metallurgically permissible form- 
ing temperatures required in making 
the DIG prototype system have a defi- 
tonnage 


related to the 


nite relationship to the 


press 


used, which in turn is 
length and thickness of the par- 


At 


temperatures the material is less plastic 


siz 


ticular item to be formed lowe! 
dies and higher 
the DIG elbows 


the dies that 


and requires stronge! 


Wi 


in halves by 


tonnage formed 
reintorceing 
we used for U-ing and sizing. 


Pipe 


problem. 


presented more challenging 
The long pipe 


distribution of 
the 


resulted in a 


larger press tonnage 


since force could not he concen- 


as it was Ifo! 


trated over a 
the 


smal are: 
We had to 


add a partial closing 


elbows. increase Our 


press capacity and 
operation to oul inufacturing tech- 


nique. We measured the heating and 
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New Editorial Content for the first time consisting entirely of up-to- 
te reference data clected on basis of readers’ most frequent 


by an industry survey 


New Format Buyers’ Guide Section Comprehensive Directory of 
Products, Materials, and Services approximately 900 product 
tegorie: over 200 cross references more than 17,000 com- 

n all. Product listings direct buyers to ads 


and Their Sales Offices 
d phone on a single line for easy use followed 


with company 


eld offices and representatives 


New we heresies new _ cial section in this issue: 

1 buy NUCLEONICS overseas circulation separately 

13004 paid subscribers) and/or entire world-wide circulation 
bscribers) 


about how the November BUYERS’ GUIDE 


CLOSING DATES: 


Sept. 19 
Sept. 26 


COMING! NUCLEONICS SPECIAL EDITORIAL REPORTS 





SEPTEMBER — Advances in Radiation Effects 
OCTOBER—Canadian Atomic Energy Program 


DECEMBER — Neutron Generators and Modern Tracer Tech- 
niques for Plant and Industry 
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SCINTILLATION CRYSTALS 


Sodium Iodide (T1) 
Lithium Iodide (Eu) (Li' and Li‘) 
Cesium Iodide (T1) 
Stilbene * Anthracene 
Plastifluor® Plastic Scintillator 


Available Unmounted or Mounted 
and Hermetically Sealed 


STABLE ISOTOPES 


Carbon 13 ¢ Nitrogen 15 
Boron 10 and 11 
Deuterium 
Oxygen 17 and 18 


Highest Enrichment and Purity 
Wide Variety of Labeled Compounds 
Special labeled compounds synthesized to order 


Write for free literature. 


qyusomet 


CORPORATION 


421 Commercial Ave. 
Palisades Park, N. J. 

















NEUTRON SOURCES 
now Within Your Budget! 


Take advantage of a new low price for Isotopes’ 
SAFE* Polonium-Beryllium Neutron Sources. 
Ideally suited for reactor startup; activation 
analysis; and educational uses. Write today to 
Dept. N-9 for more information and Catalog #625. 
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*SAFE TO USE... SAFE TO HANDLE 
This Polonium-Beryllium Neutron Source is: 








© Doubly encapsulated in stainless steel. 
© Container is Heliarc welded throughout. 
@ Adequately leak-tested. 

© Shipped in safe shipping container. 
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SURETY 
DRY BOX GLOVES 


handle “hot’’ atomic 
materials faster, safer! 








{ 


TYPE LENGTH 





Natural Rubber 24” to 
(Seamless) a 








Milled Neoprene 24” to 
(Seamiess) 0 ae° 





Neoprene Latex 24” to 
(Seamless) 1 035 a2” 

















Neoprene 24” to 
Special* 36” 


*Glove and Sleeve cured together 


Available in a full range of sizes and thicknesses 
in natural rubber, milled Neoprene and Neoprene 
latex—for “full reach” hand and arm protection 
with complete comfort, safety, and full finger 
sensitivity. 

For the glove best suited to your laboratory 
and research needs write today for catalog and 
assistance. 


THE 
2’ rvueser COMPANY 


Carrollton, Ohio 
IN CANADA: Safety Supply Co., Toronto 








CAMBRIDGE HIGH PRESSURE 
pH RECORDER AT 
SHIPPINGPORT 





The Cambridge pH Re- 

corder installed in this 

atomic power station utilizes 

specially designed analysis 

cells provided with gland Cambridge 4.point pH_Recorder 
electrodes suitable for operation under varying pressures up 
to several hundred p.s.i. 


OTHER CAMBRIDGE INSTRUMENTS FOR NUCLEAR APPLICATIONS 


There is a CAMBRIDGE Dissolved 02 Analyzer aboard the nuclear sub- 
marine SKATE. A CAMBRIDGE Dissolved H2 Analyzer served in pre- 
liminary work at the laboratory level at Shippingport. Cambridge also makes 
a Gamma Ray Pocket Dosimeter and the Lindemann-Ryerson Electrometer 
widely used in conjunction with ionization chambers. 


CAMBRIDGE pH Meters and Recorders for standard applications 
are available. Send for bulletins describing instruments of interest 
to you. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 


1620 Graybar Bidg., 420 Lexington Ave., N.Y. 17, N.Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 





NUCLEAR ENGINEERING 


This article starts on page 118 


GROOVE |S machined in 2%4-in.-thick 
Inconel pipe to prepare seam for welding 


forming temperatures with thermo- 
couples and optical pyrometers. Dur- 
ing final annealing, we made heat charts 
for future study. 


Welding Materials, Methods 


Proper selection of welding materials 
and techniques was essential since we 
had to produce a weld that was not only 
radiographically clear, but also physi- 
cally and chemically compatible with 
the formed plate. Some of the welding 
processes normally used with steel and 
austenitic stainless steels are not vet 
suitable for high-nickel alloys. For 
example, submerged arc welding is fast 
and economical, but the available 
granulated fluxes contain too much 
silicon and heavy metals to produce 
consistently crack-free welds with 
Inconel. Coated electrodes then avail- 
able were considered unsatisfactory for 
producing the nuclear quality welds re- 
quired [however, recently a new coated 
electrode (BP-85 rod) has been found 
capable of producing welds to nuclear 
specifications]. 

Methods. The choice narrowed to 
consumable-metallic-electrode inert-gas 
(MIG) or tungsten-electrode inert-gas 
(TIG) methods. Welding procedures 
were developed for both. MIG welds 
were satisfactory with either semiauto- 
matic or automatic processes, while 
quality TIG welds could be made either 
manually or automatically. Since we 
did not have fully automatic machines, 
and the work volume warranted neither 
equipment procurement nor further de- 
velopment work, we chose manual TIG 
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Ca eceyble-ba-We ale) ariel e\-(er abe) bale Mm coDa Mm Of OR OB DLO DLS & Ol. 


Use the handy card to place your subscription 


Me YOUR OWN COPY INSURES UTMOST PERSONAL BENEFIT 9 


Some features of NUCLEONTICS for 1960 


Engineering of Reactor Cores and Primary Loops — 
updating current information on latest advances. A 
24- or 32-page difinitive report. 

Exhibits and program of Atomic Exposition. 


How Radiation Affects Materials — a new look. 
Buyers’ Guide (November ) 

Neutron generators for Plant and Laboratory. 
All Canadian Issue — October. 


NOTHING TO PAY NOW 
We will bill you after en- 
try. Pay with order only if 
you prefer to do so. 


SIMPLY MAIL COUPON 


NOTE TO PRESENT SUBSCRIBERS: Card is intended only for new subscriptions. 
We would appreciate your passing along this insert to one of your associates 
who might profitably subscribe. 

September, 1960 


NOW!! 
NUCLEAR NEWS WEEKLY 
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FIRST CLASS 
PERMIT NO. 64 
NEW YORK, 











Reflecting the startling growth of the publication’s 
field, NUCLEONICS in a few short years has gained 
the enthusiastic support of over 20,000 subscribers 
in all parts of the world. We invite you to join them. 


Your own copy of NUCLEONICS each month insures your being in 
close, prompt contact with what is new and important affecting 
Nuclear Research; Nuclear Technology; New Uses of Radiation in 
the Sciences and Industry; Radiation Protection; Radiation Waste 
Disposal; Health Physics, Instrumentation; Atomic Power Progress: 
Reactor Technology; New Materials; New Equipment: New Publica- 
tions; International Commercial Alliances; Atomic Power Politics— 
the shifts and changes — the facts behind the news. 


NEW YORK 36, N. Y. 


McGRAW-HILL PUBLISHING CO., Inc 
NUCLEONICS 
330 WEST 42nd STREET 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 
— POSTAGE WILL BE PAID BY — 


BUSINESS REPLY MAIL 
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See other side for handy coupon 
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welding for root passes and semiauto- 
matic MIG welding for the balance. 
This combination readily produced 
commercial boiler-code quality radio- 
graphs, but the MIG process tended to 
give trouble with lack of fusion and 
oxide interference. On this basis, we 
decided to complete the project using 
the TIG process for the complete weld. 
Welding was slower, but less grinding 
and rewelding was needed—thus saving 
time over-all. 

Filler welds. Both Inco-Weld ‘‘A 
and Inconel ‘‘62”’ filler wires produced 
welds of proper quality, but “A” de- 
posits contain enough titanium to cause 
precipitation hardening when the weld 
is heated in the 1,100—1,500° F range to 
which our process heats the product 
several times. So we standardized on 
the ‘‘62” wire for the TF-65 and D1G 
projects 


Tolerances 





Although dimensional standards for 
the DIG pipe and fittings were ex-| 
tremely close and demanded very | 
exacting manufacturing methods, we 
had no difficulty maintaining the + 4 .¢- 
in léo-in. outside-diameter toler- 
ances on the elbows, since press tonnage 
ould be concentrated during the sizing 
operation. But to meet the inside- 
diameter tolerances of +0 in. — %¢ in. 
on the elbows and +0 in. —¥2 in. on 
the pipe we internally bored the elbows 
and pipe on special machines. In addi- 
tion to assuring a minimum cross-sec- 
tional flow area, the machining helped | 


give the 250-microinch interior surface 


finish spe cified. 

For the pipe, we found that the sizing 
temperature needed with Inconel pre- | 
vented us from producing the close out- | 
side-diameter tolerance normally ob-| 
tained. Therefore, we had to machine 
the outside diameter of the pipe. 


Quality Assurance 


Assurance of product quality was 
essential. So we made each fitting 
with extra long tangents and each sec- 
tion of pipe about 6 in. longer than 
specified so that test rings could be cut 
from the product itself. Some of the 
test rings were machined to make pieces 
for flattening tests, reverse bend tests, | 
corrosion tests, tensile tests and chemi- 
cal analyses of both weld metal and 





base metal. 

In addition to the destructive tests 
and radiography, we performed hydro- 
static, ultrasonic and dye-penetrant 
tests on all items prior to final cleaning 
for packing and shipping. 
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STRETCH, the world’s fastest 
and most versatile computer, will 
soon be added to the array of 
research tools at Los Alamos 
Scientific Laboratory, This 
multi-million dollar machine, 
built by IBM, is 50 to 75 times 
faster than the IBM 704. 


STRETCH can complete more 
than 75 billion arithmetic 
operations a day. The system can 
execute as many as 2 million 
instructions per second. 


A “look ahead” device anticipates 
instructions and data require- 
ments, thus increasing the 
effective memory speed to make 
use of the enormous speed of 

the arithmetic units. 


For employment information write: 
Personnel Director Division 60-87 


os: alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 








APPLIED RADIATION 


STUDENTS IN INDUSTRIAL USES OF RADIONUCLIDES make inter- 
face studies, leak tests, mixing and flow-rate measurements on 
process-flow system. Next session meets September 6; five in 
1961. Usual student takes four- or six-week course 


THICKNESS GAGING AND GAMMA SPECTROMETRY are among 
~20 experiments available for students. Other subjects are 
Wilzbach labeling, low-level and coincidence detection, wear 
measurement, radiography, radiochemistry and tracing 


AUTOMOBILE ENGINE with radioactive piston ring enables wear 
tests like those performed by engine and oi! companies. AEC 
bears costs of course except for $25 registration fee. Students 
live in local hotels at cost of ~$75/week 


126 


Radionuclides in Industry— 
An Oak Ridge Course 


One attempt to fill the gap between actual and potential 
uses of radiation and radionuclides is an AEC-sponsored 
course conducted by the Special Training Division of the 
Oak Ridge Institute of Nuclear Studies. The course covers 
both research and routine industrial uses of radionuclides. 
Ralph T. Overman, Chairman of the Special Training 
Division, is director of the course. 

The last of three six-week sessions in 1960 begins on 
September 6. In 1961 sessions will start on January 9, 
March 6, May 1, July 24 and September 11. 
between course content and industrial needs has been as- 
sured by including many industrial scientists on both the 
committee that designed the course and the list of faculty 
members and guest lecturers who teach. 

Requirement for the course is a bachelor’s degree, prefer- 
ably in a scientific field. Attendance is limited to persons 
who are using or are likely to use radionuclides. 


Close coupling 


Preference 
is given to those applicants who can show advanced study 
and work in activities to which the use of radionuclides is 
particularly appropriate. 

Course content is divided into four two-week parts of 
which a student is expected to take two or three. Part A 
is Basic Radiation Physics with room for 72 members. 
When he has completed this first part, the student chooses 
between Part B, Radioisotope Research Techniques for 
48 participants, Part C, Industrial Radioisotope 
Techniques for 24. From B and C 24 students 
can go on to Part D, Special Industrial and Research 
Techniques. 


and 


Ordinarily one is not permitted to enroll for only Part A 
because of the demand for the course. Those who have 
already had the introductory material, however, may take 


courses C and D, 


FOUR-BALL WEAR TESTER is inspected by student (left) and Vincent 
Guinn, advisor and often faculty member for course. Course 
director is Ralph Overman, Chairman of Special Training Division, 
Oak Ridge Institute of Nuclear Studies 
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Gamma Gage Finds 
Off-Center Wire 


A differential gamma gage with bal- 
anced detectors and severe collimation 
is solving a problem for British manu- 
facturers of insulated wire.* The 
problem is that as the insulation is ap- 
plied, the wire may get off center; 
result: thin spots in the insulation. 


The solution is to split the radiation | 
from a Tm’ source into two narrow | 
channels with a small angle between | 
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them (see sketch). Where separation 


of the beams is appropriate, you pass 
the insulated wire between them. 
Everything stays in balance until the 
wire shifts to one side in the insulation. 
Then one beam becomes stronger; the 
other becomes weaker; the detection 
system shows the fault. Another pair 
of beams with an axis at right angles to 


the first checks any shift of the wire in | 


the vertical direction. 


* British Engineering and Transport, 
February, 1960, p. 231 


Radioactive Go-devil 
Hides Its Own Source 


In the having-cake-and-eating-it de- 
partment is a recent UKAEA develop- 
ment, a go-devil that is radioactive 
when it is stuck but not otherwise. 
Under normal conditions the radioac- 
tive marker source is tucked safely 


away in a shielding pot; you can handle | 


the go-devil without fear of overexpo- 
sure. Only when the device becomes 
jammed in a pipe and a pressure differ- 
ence builds up around it does the source 
emerge and become effective. 
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Van de Graaff® acceterator 
«ss most practical radiation source for 


REACTOR RESEARCH 


12-Mev Tandem Van de Graaff extends precision nuclear research to the binding 
energy range of heavy nuclei. (Chaik River Laboratory, Atomic Energy of Canada, Ltd.) 


This versatile instrument produces precisely controlled beams of all 
particles and radiations encountered in reactor work in the range 
0.4 to 12 Mev. Permits reactor development and study programs at 
any budget level. Used by laboratories throughout the world for 
research in: 


RADIATION EFFECTS Synthesis of reactor effects under accurately con- 
trollable conditions. 


CROSS SECTIONS Precise cross-section data with monoenergetic 
neutrons. 


REACTOR KINETICS Pulsed neutrons for investigations of critical and 
sub-critical assemblies. 


ACTIVATION Simple, rapid quantita- 

ANALYSIS tive trace determination 
for evaluation of reac- 
tor materials. 


NUCLEAR PHYSICS Fundamental data 
regarding nuclear structure and particle 
interactions. 


X-RAY INSPECTION Precision radiog- 
raphy to meet rigid requirements of reac- 
tor industry. 


| mayo Model ——- rr & Graaff 

. 3 : or reactor research and engineering 

For Details, ask for Bulletin H training. Produces pulsed or continu- 
ous neutron beams to 10" n/sec 
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Hydrazine from Irradiation 


of Solid and Liquid Ammonia 


By BORIS LEVY, LAWRENCE M. EPSTEIN and GEORGE HANDLER* 
Westinghouse Electric Corp., Pittsburgh, Pa. 


Many experimenters have been sur- 
prised that their irradiations of am- 
monia (NH;) do not produce hydrazine 
(N-H,) as expected. In contrast to 
these negative results, we have pro- 
duced hydrazine with radiation yields 
of 0.1-0.2 molecule/100 ev by reduc- 
ing temperatures until the ammonia 
becomes liquid or solid. It appears to 
be possible to explain the effect of tem- 
perature on yield, but further experi- 
ments are required to make sure that 
our explanations are valid. 

The similarity of ammonia and water 
systems leads scientists to expect that 
one of the major products of ammonia 
irradiation will be hydrazine in direct 
analogy to the production of hydrogen 
peroxide from water. But in the past, 
irradiation of neither gaseous ammonia 
(1) nor dilute aqueous ammonia (2) has 
produced hydrazine. On the other 
hand hydrazine has been produced from 
gaseous ammonia by a d-c discharge 
(3) and by photolysis in a flow system 
(4). Incontrast it has been shown that 
hydrazine is decomposed by photolysis 
and other types of irradiation (4,4). 

In our exploratory study we have 
used 2-Mevy electrons from a Van de 
Graaff accelerator to irradiate ammonia 
at room temperature, —77° C (dry-ice— 
acetone bath) and —196° C (liquid- 
nitrogen bath). At the liquid-nitrogen 
temperature ammonia is solid. In our 
dry-ice—acetone bath ammonia is pres- 
ent in both liquid and solid phases. 
Our results are shown in the table. 


Irradiations 


All of our ammonia came from a sin- 
gle cylinder of anhydrous liquid sup- 
plied by Matheson Co. Before irradi- 
ating we analyzed it for hydrazine or 
other reducing substances by titration 

* Present Appress: Tufts University, 
Medford, Mass 
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with iodine solution according to the 
method of Penneman and Audrieth (6). 
We found only insignificant amounts of 
any reducing agent (<0.0003 milli- 
mole of NeH4/ml of liquid NHs). 
Although they show some indication 
of hydrazine production, our room- 
temperature results are discouraging. 
We performed our irradiations in either 
sealed glass tubes or a stainless-steel 
water-jacketed one. With the stain- 
less-steel tube we performed dosimetry 
by irradiating cyclohexane and assum- 
ing a hydrogen radiation yield of 5.3 
molecules/100 ev (7). The dose to 


To accelerator 
‘ 
= sak 
To vacuum 
L me a 
LE ond 


| 
rj) monometer 


| 
(= 


Kovar 


Dry-ice- 
acetone 
or liquid- 
nitrogen 
both 


+ 











Condensed—+ 
NH, | 











Wire 


IRRADIATION CELL for low-temperature 
work holds liquid or solid ammonia in Kovar 
cup for exposure to 2-Mev electrons 


samples in glass tubes we determined 
from a previous calibration (8). 
Low-temperature experiments we did 
in a special cell rigidly mounted directly 
below a 5-mil aluminum foil that sepa- 
rated the cell from the main vacuum 
system of the Van de Graaff (see figure). 
With the cell in position we evacuated 
to'% >mm Hg. Then we turned on the 
beam and adjusted it to deliver ~10 ya 


through a wire attached to the Kovar 
cup. 

Without changing the established 
current adjustment, we turned off the 
accelerator and distilled ammonia into 
the sample section to the height of the 
cooled Kovar cup (~15 cm’). 

Leaving the target-current adjust- 
ment unchanged, we turned on the Van 
de Graaff and adjusted its energy again 
to 2 Mev. Measuring the current 
striking the sample and flowing from 
the Kovar cup, we sometimes found 
it no longer equal to the 10 ua at which 
it was set (see table). We are uncer- 
tain which reading is more accurate. 


Dosimetry 


For an independent dose measure- 
ment we inserted a piece of 0.001-in. 
Du Pont MSC-300 light blue cello- 
phane at the bottom of the Kovar cup 
and compared its reading with dose 
determined from the current measure- 
ment. We measured postirradiation 
increase of light transmission at 655 mu 
and estimated dose according to the 
method of Henley and Richman (9). 
Assuming a backscattering correction 
factor of 1.45 we found that 14.9 joules/ 
sec was delivered to the sample. 

From measurement of the current 
from the Kovar cup we computed a de- 
posited energy of 20 joules/sec, on the 
basis that all of the electrons striking 
the cup have energies of 2 Mev. (This 
is undoubtedly incorrect; secondary 
electrons have energies less than 2 Mev.) 
The radiation yields for hydrazine pro- 
duction in the table were calculated 
from currents measured during irradi- 
ation; thus they are about 25% smaller 
than those we would calculate on the 
basis of the cellophane dosimetry. 


Temperature Effect 


Why is there a large increase in hy- 
drazine yield in going from room tem- 
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ALUMINUM GETS A NEW FACE 


The SANFORD PROCESS offers the 
Nuclear Industry a new dimension in 
the use of aluminum. 


The SANFORD PROCESS electro- 
chemically converts aluminum to alu- 
minum oxide with tolerances of 
.0002= in normal production runs. 


A .001 SANFORD HARDCOAT 


¢ Will withstand over 5,000 hours salt 


Courtesy of Nuclear-Chicago Corp., DesPlaines, Illinois spray exposure. 


* Has hardness of over 60 Rockwell C. 
For information and free brochure: 


SANFORD ALUMINUM PROCESSING CO. 
1330 West Fulton Street 
Chicago 7, Illinois * Resists 5,000 °F. heat. 
CH. 3-5522 


¢ Provide 1200 Volt A.C. Di-electric 


properties. 














4 Pi Gas Flow Counter, Model 1 


"EXTRA" POWER 5 : 


for reactor projects 


Long-term senior staff “alumni” of renowned 
pioneer reactor development groups will provide 


Short- or Long-Term 
CONSULTATION SERVICES 
to the 
NUCLEAR POWER INDUSTRY 
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NUCLEAR-OHIO, INC. 
27105 KNICKERBOCKER ROAD NUCLEAR SERVICE CONSULTANTS, Inc. 
BAY VILLAGE, OHIO | 650 Eleventh Avenue, New York 36, N. Y. Dept. N-1, PLaze 7-9783 
A subsidiary of Consultants & Designers, inc., 


Manufacturers of Fine Instruments services to the engineering profession—Offices coast to coast 


Vol. 18, No. 9 - September, 1960 129 





Checklist for yourr— APPLIED RADIATION (his article starts on page 128 
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professional 
library 











[] RADIOISOTOPE TECHNIQUES 


ust Out. A guide to basic principles and typical 

a, of handling and manipulating radioac- 
tive materials. Discusses detector systems for 
radiation, errors most likely to occur during 
measurement procedures, safe limits of exposure, 
and more. B . T. Overman, Oak Ridge Inst. 
of Nuclear Studies; and H. Clark, Rensselaer 
Polytech. Inst. 455 pp., 30 illus., $10.00 


& ANALOG COMPUTATION 
IN ENGINEERING DESIGN 


Just Out. A reference on solving problems in 
engineering design with a computers. Covers 
applications to nuclear reactors, statistical prob- 
lems, and more. By A. Rogers, Electronic Assocs. 
Inc.; and T. Connolly, Sperry Gyro. Co. 450 pp., 
275 illus., $16.00 


Cc) REACTOR ANALYSIS 


Just Out. Covers applications of reactor kinetics 
theory to circulating-fuel reactors, and theory of 
control rods—both hollow and moderator-filled 
rods. Derives in detail modern resonance absorp- 
tion theories, and_ gives valuable data on reso- 
nance integrals. By R. Meghreblian, and D. 
aot” Ridge Natl. Lab. 832 pp., 202 illus., 


Proceedings of the Fifth Conference on 


oO MAGNETISM AND 
MAGNETIC MATERIALS 


Just Out. More than 300 authorities discuss re- 
sults of current research in magnetism and mag- 
netic materials in this report sponsored by the 
American Institute of Electrical Engineers. 419 pp., 
340 illus., $10.00 


[] NUCLEAR TECHNOLOGY 
FOR ENGINEERS 


Covers four major areas of nuclear engineering 

radiotracer technology, radiation, fission energy, 
and nuclear fission—giving you a sound working 
knowledge of the field. By R. H. Ellis Jr. Assoc. 
Editor, Nucleonics, 282 pp., 119 illus., $9.50 


[-JNUCLEAR REACTOR PLANT DATA 


Provides useful technical data on most of the 

world’s nuclear reactor plants. Volume |! 
WER REACTORS—includes 32 reactors de- 

signed to produce electric power, $3.75. Volume 

2—RESEARCH AND TEST REACTORS—covers 

95 seeeare® and test ag $7.50. Developed 
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by ical Data mm. clear Engg. Div. 
A.S.M.E. 2 Vols. 424 pp., 129 
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10 DAYS’ FREE EXAMINATION 


McGraw-Hill Book Co., Dept. NU-9 

327 W. 41st St., New York 36, N.Y. 

Send me book(s) checked below for days’ 
examination on approval. In 10 days I will re- 
mit for book(s) 1 keep plus few cents for de- 
livery costs, and return unwanted book(s) 
postpaid. (We pay delivery costs if you remit 
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| 
I 
10 
with this coupon—same return privileges.) 
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| Irradiation of Condensed Ammonia with 2-Mev Electrons 





Iodine required for 


Energy 
de- 
liveredt 
(107? ev) 


Target 


current 


Tem per- 
ature* 


Run C) (ua) t (ml) 


(Sample passed 0.3 
under beam 201 

times, receiving 

1.0 megarad per 

pass) 


room 


room 9.§ 


—4i 13 
10 
ena 
10 
6 
If 


0 


-77 
-77 
-196 
196 
196 
-196 


or on 


wN o 


* —77° C is temperature of 
t Measured during run. 


for which 


ture, 
above) and Run 5, 
dosimetry. 

{ Hydrazine yield in Run 5 


of 0.10 gm of benzazine with addition of benzaldehyde. 


Amount 


titration 


Hydrazine 
yield 
(108 


molecules) 


Sample 
cell 


Nor- 
G(N2H,) 


~0.01 


mality 


0.04 glass 


4.5 
270 
27 
300 
128 
108 

62 


92 


.0036 
17 
22 
11 
.10 
.14 
.042 
0.15 


0.118 
0.118 
0.11 
| 
0.118 
0.118 
0.11 
0.11 


ss 

Kovar 
Kovar 
Kovar 
Kovar 
Kovar 
Kovar 
Kovar 


dry-ice-acetone bath; —196° C is liquid-nitrogen tempera- 
t All exposure times were 1,000 sec except Run 1 (see 
exposure time was 2,000 sec. 


§ Checked by cyclohexane 


was measured not by iodine titration but by precipitation 


Procedure was: rinse into ~60 ml 


water; neutralize with excess of acetic acid; to warm solution add solution benzaldehyde in 
5 ml ethanol (~twice expected equivalent of benzaldehyde); on cooling benzazine precipi- 
tated as finely crystalline yellow product; filter, wash with water, dry; melting point was 


93° C, 
pared benzazine. 


on standing yielded some additional product. 
We believe most of hydrazine was recovered and weighed as 
0.11 was calculated from weight of benzazine. 


brought down ~5% more. 
hbenzazine, G(N:H,4) 


During run 8 radiolytic gases were continuously removed. 


yield. 


unchanged by recrystallization from water-ethanol and mixing with freshly pre- 
Filtrate gave no immediate reaction with additional benzaldehyde, but 


This was separated; further aging of filtrate 


(We cannot explain small 





to low temperatures? We 
can suggest three possible explana- 
(1) that the high yield results 


an intermolecular-reaction step 


perature 


tions: 
from 
favored by our solid-phase geometry, 
that diffusion of hydrogen atoms 
from the highly 
favored over that of other species at 
low temperatures and (3) that hydra- 
zine is destroyed by a back reaction in- 
volving H-radical attack (4). This 
back reaction would be fairly tempera- 
ture-dependent; on the other hand, the 
initial forward reaction may be ionic 
in nature and much less temperature- 


reaction spurs is 


dependent. 

One cannot choose any explanation 
on the basis of the data obtained so far. 
It would be helpful to have the yield as 
a function of temperature in greater 
detail in the region around the phase 
change. An abrupt increase in yield 
| below the freezing point, for example, 
| would suggest the first of our three 
|explanations. We feel that there is 
already some indication that dry-ice- 


acetone temperatures are more favor- 
able to hydrazine yield than liquid- 
nitrogen temperatures. 

If diffusion plays an important role, 
investigation of other types of irradi- 
ation that produce denser tracks of 
interactions with ammonia than elec- 


trons would be interesting. 
* ” * 


The authors acknowledge encouragement 
and helpful suggestions offered by K. H. Sun 
and discussions with Richard Wolfgang. 
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Low BETA 


new 
low level 
counting 
system 


Sharp Laboratories has revolutionized the low-level count- 
ing field with an instrument with such advanced character- 
istics that it obsoletes previous designs. Look at these 
specifications : 
* Background less than 0.25 counts per minute 
for a l-inch diameter detector. 
* Shield size only 18 inches square. 
* Shield weight only 1500 Ibs. 
* All transistorized electronics. 
+ Plug-in printed circuit cards. 
* Illuminated programming panel for simplified 
control, 
+ Electronics ideal for carbon dating. 
The system pictured is a two-detector, manual, low back- 
ground beta detection system. Sharp equipment lends itself 
well to the “building-block” approach. You can convert this 
basic system to simultaneous alpha-beta measurements on 
a single sample. Fully automatic operation may be added. 
You get the option of simultaneous alpha and beta 
counting with four channels of readout and two detectors. 
Automatic readout may be provided in the form of simple 
printing timers or a complete pre-set count—pre-set time 
readout system with over-riding control. Available in stand- 
ard detector sizes of %”, 1”, 2” and 3”. Other sizes on 
special order. 
Represented exclusively by BAIRD ATOMIC, INC. See 
your BAIRD Representative, or write or call Sharp Lab- 
oratories, Inc., Dept. N-1, Box 1302, La Jolla, Calif. for 


literature. 
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DETECTOR 1 


DETECTOR 2 





& 





The modular construction of the Sharp low background system is 
shown here. Shown left to right are the timing module, the printed 
circuit card file containing the amplifiers and logical circuitry, and 
one of the three scaler modules. 


LABORATORIES, INC. 
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TABLE 8—Alloy Corrosion* 


Total weight change 
(mg/cm?) 





Alloying addition 
(a/o) 





Unalloyed Nb 


10.5 Zr 0.67 
26.1 Zr 0.67 
35.7 Zr 0. 

45.7 Zr 0.55 


2.45 Mo —7. 
5.20 Mo —1. 
7.40 Mo 0. 


4.42V 
6.59 V 
8.93 V 
10.7.V 
13.7V 


9.41 Ti 
24.3 Ti 
33.8 Ti 


12 Ti-0.5 Cr . 66 
28 Ti-6.1 Cr 20 
Zircaloy-2 50 


Disintegrated f 


coo eoeece 


33 


* Alloys were exposed for 196 days in 
680° F water (32). 
Tt After 42 days on test. 








Temperature, (°C 
wo 
oO 
oO 











i n : 
02 04 06 08 10 
Oxygen (w/o) 


OXYGEN SOLUBILITY in niobium 





wo U/ 30wh U 20 w/o U 


Unalloyed Nb 





400 600 600 


Temperature (°C) 
HOT HARDNESS of Nb, Nb-U 


300 





Woter | 


= OF 6 80°F 
en | seotr 
ost 
| 


oo 
ss o 


oO 
Lad 





° 


2.0 Niobium-20 w/o uranium 
© 4 Zircaloy-2 


10 ~ 100 
Exposure Time (days) 


CORROSION of Nb-U zircaloy 


Weight Gain (mg/cm?) 


2° 
BS 





Effect of impurities on properties. 
As would be expected, niobium has a 
strong affinity for oxygen, and, un- 
fortunately, oxygen markedly affects 
its properties. Figure 5 is a plot of 
oxygen solubility in niobium (33). 

The behavior of the room-tempera- 
ture hardness of the material indicates 
the effect of oxygen. Niobium con- 
taining <0.05 w/o oxygen has a 
hardness on the order of 90 VHN. 
This hardness increases almost linearly 
with oxygen content to ~380 VHN 
for material containing 0.5 w/o oxygen. 
Table 9 shows the effect of oxygen on 
tensile 
As temperature is increased, the effect 


room-temperature properties. 
of oxygen becomes less apparent. 

Nitrogen and hydrogen are generally 
at a low enough level either to cause 
no appreciable effects or to have effects 
minor enough to be masked by the 
effects of oxygen. 


Irradiation Effects 


Very little information is available 
in the unclassified literature concerning 
the effects of radiation on niobium or 
niobium alloys. There is no reason to 
expect that niobium will react any 
differently to radiation than does any 
other body-centered-cubic material. 


The yield strength and ultimate 
tensile strength should increase with 
an accompanying reduction in duc- 
tility. This should not be a problem, 
however, the high operating 
temperatures will tend to anneal out 
the damage. 


since 


Nb-U Fuel Alloy (35) 


As in the case of other niobium-alloy 
additives, uranium also increases the 
strength of niobium. Since niobium 
and uranium form a series of solid- 
solution alloys below 45 w/o U, 
samples containing 10, 20, 30, 40, 50 
and 60 w/o U were screened. 

Hot-hardness obtained on 
slabs cast from arc-melted buttons are 
shown in Fig. 6. Rolling and forging 
tests at 2,000°-2,600° F indicated that 
the 30 and 40 w/o alloys are difficult to 
fabricate, whereas the 20 w/o alloy 
There- 
fore, several large ingots of 20 w/o 
alloy were prepared by consumable- 
electrode property 
determinations. 

The ingots, canned in molybdenum 
to prevent contamination during fabri- 
cation, were upset-forged at 2,500° F 
60% The 
slabs were decanned and rolled in air 


values 


is easily forged and rolled. 


arc-melting for 


with reduction to slabs. 





TABLE 9—Effects of Oxygen on Nb Tensile Strength (34) 


Oxyaen content 
(w/o) Limits of linearity (psi) 

03 27,720 
60,060 

67,980 

76,120 

95,920 

104,280 
105,820 


208 


Elongation 

Ultimate strength (psi in 144 in. (%) 
40,370 29: 
75,020 16.§ 
89,540 17. 
97,460 20. 
133,980 20. 
134,200 10. 

128,920 9.8 


Specimen cracked before loading 








TABLE 10—Short-Time Tensile Properties of Nb-20 w/o U 


0.2% offset 
Temp. yield 
°F) strength (pst) 


Ultimate tensile 


Niobium—20 w/o uranium 
75 93,200 
1,600 58,100 
Unalloyed niobium 
75 30,000 
1,500 16,000 
Type 316 stainless steel 
70 38,500 
1,500 18,500 


102,000 
68,400 


38,000 
21,000 


85,500 
27,500 


strength (psi) Elongation (%) 


Modulus of 
elasticity 
(10° psi) 


Reduction in 
area (%) 


20.3 
14.0 
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WHICH JOB WOULD YOU TAKE? 


If you’re like most of us, you’d take the 
job with the more tempting salary and 
the brighter future. 

Many college teachers are faced with 
this kind of decision year after year. In 
fact, many of them are virtually bom- 
barded with tempting offers from busi- 
ness and industry. And each year many 
of them, dedicated but discouraged, leave 
the campus for jobs that pay fair, com- 
petitive salaries. 

Can you blame them? 

These men are not opportunists. Most 
of them would do anything in their power 
to continue to teach. But with families 
to feed and clothe and educate, they just 
can’t make a go of it. They are virtually 


Sponsored as a public service, 
in co-operation with the Council for Financial Aid to Education 


forced into better paying fields. 

In the face of this growing teacher 
shortage, college applications are ex- 
pected to double within ten years. 

At the rate we are going, we will soon 
have a very real crisis on our hands. 

We must reverse this disastrous trend. 
You can help. Support the college of your 
choice today. Help it to expand its facili- 
ties and to pay teachers the salaries they 
deserve. Our whole future as a nation 
may depend on it. 


It's important for you to know more about what 
the impending college crisis means to you. Write 
for a free booklet to: HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, N.Y. 


', 


‘ 
s 
~ HIGHER BOVCATION 
- 


Ye 
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TRADE-MARK 


SCINTILLATION 
PHOSPHORS 


Alphanaphthylphenyloxazole, ANPO: A Band- 
Shifter or Secondary Solute, for Liquid 
Counting—Fluorescence Max. 4050 A 


Diphenyloxazole, DPO: A Primary Solute, for 
Liquid Counting—Fluorescence Max. 3800 A 


POPOP: A Band-Shifter or Secondary Solute 
for Liquid Counting—Fluorescence Max 


4200 A 


Least Expensive Primary Solute, 
Plastic Counting—Fluores- 


p-Terpheny!: 
for Liquid and 
cence Max. 3460 A 


Tetraphenylbutadiene, TPB: For use with 
p-lerphenyl in Plastic Scintillators—Fluores- 
cence Max. 4320 A 


Cadmi Propionate, anhydrous: 
Efficient Ne “utron Captor 
43.5% 


A Highly 
-Cadmium Content 





Available from stock—write to Dept. ‘'K'’ 
for free booklet on these products. 


Sales Agents in N.Y.C 
cisco, Mexico City, 
Milan. 


San Fran- 
Basle, and 


‘., Chicago, 
London, 





ARAPAHOE CHEMICALS, INC. 


PEARL STREET JLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 
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SCIENTA 


SEMADIC 


A new concept in nucleonic instrumen> 











tation, 


— 


New, transistorized current-frequency 
converter permits pulse counting tech- 
nies, 
Accurate measurements of dose tale 
and integrated dose. - 
Telemetry or cable 
measured data. 

@ Automatic warning by presetiing of 
control. 

@ Element of automatic data. handling 
systems and digital servo control. 

Ask for Technical bulletin “SEMADIC” — 

60501 


using electrometer amplifiers. 





transmission of 


f 
\ 5. Ry 
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Me 


SCIENTA SCANDIA AB 


BOX 366, GOTEBORG 1, SWEDEN 
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| water at 


| weight 


resistance 
| 


| of zircaloy-2 
| 
jon the 
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)°-800° C to 0.06-in.-thick sheet. 
Test pieces of the sheet were then cold- 
rolled (without annealing) to 0.02-in. 
sheet with only minor edge roughness. 
measurements 
Table 1) confirmed the strengthening 
The 20 w/o alloy 
than many com- 
merical high-strength alloys, such 
316 stainless steel. Prelimi- 
nary testing indicates exceptional creep 
strength for the Nb alloy—200-hr 
rupture strength at 1,600° F 
63,000 psi. Creep life should be very 
at lower stress levels. 

Corrosion tests were conducted 
air, COs, NaK, water and steam. 
After 500 hr in air at 300° C, the 20 w/o 
exhibited an adherent black 
a gain of 0.43 mg/cm’. 
350° and 400° C for 
100 hr caused spalling brown oxide and 
weight gains (1.44 and 18.2 
respectively) 
at 300° C for 50 hr, 
formed with a weight gain 
Thus, if a cladding 
failure occurs in a CO2 atmosphere and 
is held below 300° C, 
would be 


Tensile-property 


effect of uranium. 
is much stronger 


the type 


was 


long 


alloy 
oxide and 


Exposures at 


exce ssive 
mg/cm?, 

In flowing CO, 
black oxide 
of 0.15 mg/em?., 


the temperature 
failures 
expected for short-time exposures. 


no catastrophic 


Weight gain was 0.69 mg/cm? after 
1,000 hr in NaK at 1,600° F. The 
NaK contained 50 ppm oxygen, which 
undoubtedly contributed to the weigh 


gain. 


Machined samples were exposed in 
600° F and 680° F 
steam at 750° F 


and 
for 1,000 hr with the 
The 


alloy appears to be 


gains shown in Fig. 7. 
of the 
about three times worse than that 
The black oxide formed 
remained adherent in 
water but began to spall in steam after 

hr. In 


resistance is 


only 
alloy 
both cases, corrosion 
than sufficient to 
allow time for fuel replacement in case 
of cladding failure. 

Data obtained to date strongly sug- 
gests that Nb-20 w/o U alloy is the 
best metallic fuel yet developed for 
high-temperature use. At lower tem- 
the high strength should 
exceptionally high burnup 
The 


lacking is its 


more 


peratures, 
allow for 
major in- 
irradiation 


and long-life cores. 
formation 


stability; tests will soon be underway. 


Cost of Niobium and Alloys 


The current cost for Nb in sintered 
200-300 ppm 
$38 to $62 per 


rod, which contains 


oxygen, varies from 


pound. Ultra-high-purity Nb (under 
100 ppm oxygen) is available at higher 
costs. Most Nb is supplied for melting 
stock. However, the Fansteel 80 and 
82 alloys can be purchased for about 
$80 per pound for heavy sheet and 
plate in large quantities and up to 
$150 per pound for foil in 
quantities. 

The price of Nb is 
downward trend, 
tinue as the demand increases. 
not unreasonable to predict $15-2 
pound for quality 
5-10 yr. 


small 


following a 


which should con- 
It is 
0 per 


melting stock in 


* * * 


The results reported on Nb-20 w/o U 
obtained by Battelle under contract W-7405- 
eng-92 with the AEC Reactor Development 
Division. 


were 
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Propulsion Systems for Space Flight 
by William R. Corliss (McGraw-Hill, 
New York, 1960, ix + 300 pages, 
$10.00). A timely survey that puts 
into perspective the bewildering array 
of proposed devices for space travel 
that have filled the literature and the 
newspapers these past two years. The 
author defines, describes, evaluates and 
compares, for the technical reader, nu- 
clear rockets, ion drives, solar sails, 
plasma jets and many more. At least 
half of the book discusses systems that 
have a nuclear orientation.—HLD. 
The Study of Elementary Particles by 
the Photographic Method, by C. F. 
Powell, P. H. Fowler and D. H. Perkins 
(Pergamon Press, New York, 1959, 669 
pages, $40). This volume provides a 
history of the development of the 
emulsion technique, describes the meth- 
ods used and constitutes an atlas of the 
tracks of primary cosmic particles. It 
is written at a postgraduate level. 


Marks’ Mechanical Engineers’ Hand- 
book, 6th ed., T. Baumeister, editor-in- 
chief (McGraw-Hill Book Co., New 
York, 1959, 2,270 pages, $23.50). 
Among new and completely revised 
sections of this handbook classic are 
nuclear power, mechanics of materials, 
analysis and computing 
steam boilers, instruments 


numerical 
machines, 
and controls, corrosion, gas turbines, 
pumps, piping, lubrication and welding. 


ALSO OF NOTE 


Fact Sheets on U. S. Nuclear Power 
Projects, 2nd ed., prepared by the 
Electric Companies Public Informa- 
tion Program, provides information on 
all U. S. projects—particularly par- 
ticipation by the electric utility indus- 
48 pages, quantities of 10 @ $2.50. 
W. 46th St., 


try. 
Bozell & Jacobs, Inc., 2 
Vew York 36, N.Y. 


A Uniform Procedure for Use in the 
Evaluation of Nuclear Power Reactors, 
prepared by a Forum ad hoe committee 
under the chairmanship of Titus G. 
LeClair, presents an outline for evalu- 
ating on a common basis the perform- 
ance and costs of the various reactor 
concepts. 44 pages, $1.50. Atomic 
Industrial Forum, Inc., 3 E. 54th St., 
New York 22, N. Y. 
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A Management Evaluation of Massive 
Radiation for Industrial Utilization was 
prepared for the AEC Office of Isotopes 
Development by General Aniline & 
Film Corp., Emerson Radio & Phono- 
graph Corp. and Revere Copper and 
Brass Inc. Current, planned and fore- 
seen uses of high-level radiation for 
industrial processing are surveyed. 30 
pages, 75¢. Office of Technical Services, 
Department of Commerce, Washington 
25, D.C. 


Sixth International Congress and Exhi- 
bition of Electronics and Atomic Energy 
contains U. 8. papers on radioactive 
wastes presented by the Rome meeting 
in June, 1959. Topics include bio- 
logical implications, ultimate disposal, 
costs, reactor siting and meteorology. 
81 pages, $2.25. Office of Technical 
Services, Department of Commerce, 
Washington 25, D.C. 


Rare Earth Handbook, prepared by 
Battelle Memorial Institute, brings 
together physical, crystal, chemical, 
mechanical, electrical, magnetic, nu- 
clear and thermodynamic data on the 
15 rare-earth metals and yttrium. 214 
pages, $10. Rare Earth Research Group, 
Battelle Memorial Institute, 505 King 
Ave., Columbus 1, Ohio. 


Sixth Hot Laboratories and Equipment 
Conference (TID-7556), proceedings 
of the March 1958 meeting, describes 
the operation of various facilities, spe- 
cial equipment and techniques, and 
shielding-window design. 167 pages, 
$1.75. Office of Technical Services, De- 
partment of Commerce, Washington 25, 
D.C. 


Effects of Nuclear Radiation on Men 
and Materials, by T. Charles Helvey, 
discusses in simple terms some of the 
problems presented by radiation and 
some possible solutions, particularly in 
nuclear-powered aircraft. 64 pages, 
$1.80. John F Rider Publisher, Inc., 
116 W. 14th St., New York 11, N.Y. 


International Directory of Radioiso- 
topes, Vol. 1, is subtitled ‘‘ Unprocessed 
and Processed Radioisotope Prepara- 
tions and Special Radiation Sources.” 
The Directory lists all radioisotopes for 
sale or distribution by major suppliers 
in the world (including national labora- 
tories) and prices. Half-lives, radi- 


ations and production methods are also 
given. Volume 2 will list labeled com- 
pounds of C™%, H*, ['8!, Ps? and §*°. 
264 pages, $3.50. International Atomic 
Energy Agency, Vienna, Austria (in 
U. S.: International Publications, Inc., 
801 3rd Ave., New York 22, N. Y.). 


Selected Data on Uranium Alloys, 
compiled by H. C. Friedemann and 
H. H. Hausner, is primarily a bibli- 
ography to which are appended binary 
phase diagrams and some tables of 
mechanical-property, corrosion and ir- 
radiation data. 76 pages, $1. Sy/- 
vania-Corning Nuclear Corp., Bayside, 
N.Y. 


Data Book on Physical and Engineer- 
ing Properties of Materials for Nu- 
clear Fuel Elements, compiled by H. H. 
Hausner, contains 80 tables of mechani- 
cal, thermal and corrosion properties of 
fuel and cladding materials. 55 pages, 
$1. Sylvania-Corning Nuclear Corp., 
Bayside, N.Y. 


Nuciear Liability in Europe (AIF- 
CM-2) surveys European progress in 
providing financial protection for nu- 
clear facilities and points up some of 
the defects. 24 pages, 50¢. Atomic 
Industrial Forum, 3 E. 54 St., New 
York 22, N. Y. 


Westinghouse Periodic Chart with 
Nuclear Data, designed by W. E. 
Shoupp, is designed especially for those 
involved in reactor technology. The 
conventional format of the periodic 
table is retained, but some of the usual 
data is omitted to include more nuclear 
data—absorption and scattering cross 
sections, resonance integrals, decay 
energies and half-lives, fission yields and 
cross sections, vand 7. Several curves 
are also given for fission and scattering 
cross sections, fission yields, fission 
gamma and neutron spectra, and 
gamma shielding. $1. Atomic Power 
Dept., Westinghouse Electric Corp., 
P.O. Box 2278, Pittsburgh 30, Pa. 


Water Supply and Pollution Control 
Research Inventory of Active Projects 
in 1958 includes many studies of radio- 
active-waste disposal and more con- 
ventional studies using radioactive 
tracers. 71 pages. Div. of Engineer- 
ing Services, Public Health Service, U.S. 
Dept. of Health, Education, and Welfare, 
Washington 25, D.C. 
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HIGH VACUUM 
COMPONENTS 


PRODUCTS AND MATERIALS 











VALVES...GAUGES...CONTROLS 
PUMPS...ACCESSORIES 


VALVES: Bellow sealed, brass & 
stainless steel * Manual ¢ Solenoid 
¢ Pneumatic 

GAUGES & CONTROLS: Non-burnout 
lonization gauges, Bayard-Alpert 
type * Ultra-stable ionization gauge 
controls * Cold cathode discharge 
gauges and controls * Thermocouple 
gauges and controls 

PUMPS: Diffusion pumps, air-cooled 
& water-cooled * Mechanical pumps, 
complete stock 

ACCESSORIES: Standard and vari- 
able leaks * Quick couplings * Cold 
traps, Baffles * Electric degassing 
gun ¢ “O”-ring sealed flanges * 
Many others. 


























FREE TECHNICAL 
BULLETINS 
or complete CATALOG, 
Write Department 
A-1437. 


VEECO 


Veeco 


VACUUM 
ph 


Supplier 


Compounds 





Abbott Labs 
P. O. Box 1008 
Oak Ridge, Tenn. 


Isomet Corp. 
433 Commercial Ave. 
Palisades, Park, N. J. 


Isotopes Specialties Co. 


Div. of Nuclear Corp. of America 
P. O. Box 688 
Burbank, Calif. 


Merck & Co. Ltd. 
560 De Courcelle St. 
Montreal, Canada 


New England Nuclear Corp. 
575 Albany St. 
Boston 18, Mass. 


The Radiochemical Centre 
Amersham 
Buckinghamshire, England 


Schwartz Bioresearch, Inc. 
230 Washington St. 
Mount Vernon, N. Y. 


Tracerlab, Inc. 


| 1601 Trapelo Rd. 


Waltham 54, Mass. 


Twentieth Century Electronics Ltd. 


New Addington 
Croydon, Surrey, England 


| U. S. Nuclear Corp. 


P. O. Box 208 
Burbank, Calif. 


| Volk Radiochemical Co. 


5412 N. Clark St. 
Chicago 40, Ill. 


radio-hippuran (sodium orthoiodohippurate), I'*! 


guanidine-N * 
N'5,H, + H,O 
carbon-C!* (elemental form) 


meprobamate 

a-amino isobutyric acid 
dotriacontane-| 

guanidine carbonate 
d-fructose (uniformly labeled) 


sedium pentobarbital-2-C" 
8-phenylethylamine-s-C™ - HC] 
naphthalene-2-D, 

propane-Ds 

methyl-D; formate 


dimethyl-1-C**-d-tubocurarine diiodide 
d-glucosamine-1-C™ hydrochloride 
d-glucose-1-C!«-6-phosphate, barium salt 
malononitrile-1-C** 
methylcholanthrene-6-C 


4,4’-morpholide disulphide-S** 
thiothymine-S** 

methyl phosphonic dichloride-P* 
thymidine (nominally T, 
dl-ornithine-T (G) 


C'4-fructose-1, 6-diphosphate, barium 


caffeine (1-methyl-C™ 
indole-2-C'* 
trytophan, ring-2-C"* 
gramine, ring-2-C'* 
barbital-2-C™ 


sodium borate-B'° - 10 H,O 
sodium borate-B"® - 5 H.O 
boric acid-B"” 

boron-B"® (elemental) 
boron-B"™ (elemental) 


tricresyl phosphate-P* 
lead acetate-Pb*!° 
antimony Sb!*4 (metal) 
carbon C™ (amorphous) 
carbon C!* (amorphous) 


colloidal chromic phosphate-P* 
sodium o-iodohippurate-I!*! 
triiodothyronine-1!"-T; 
thyroxine-I!*!-T, 
Radioiodination Service * 


* Samples of any material whose chemistry appears suitable are reacted by the most 
appropriate technique with 10 me of I", 
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Specific 
activity 


(mce/mM) 


500 uwe/mg 


1] 
4.7 
25 mc/mM 
49.6 uwc/mg 
0.34 mc/ml 


] 
] 
98 atom % D 
98 atom % D 
98 atom % D 


13.9 
0.57 
26 


1.0 
2.55 
10 
10 


4.4 curies/mM 
50 


99% B 
99% B 
99% B* 
99% B* 
99% B" 


1-100 

1-10 mc/mg 
To 4c/g 

10 


55-70% 


150 
18 
6000 
7500 


Price 
($/me) 


950/gm 
1,250/gm 
1,600 /gm 


1,100 
450 
550 
475 
195 


900 

860 

200/5 gm 
200/1 
250/5 gm 


400 
600 
30 per 10 ye 
450 
850 


147.50 per 100 ye 
vial 


Or 


“v0 

25 

45 

45 

Initial samples 

100.00 

Subsequent sample 
75.00 
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| Voltage Regulator 


Self-contained, transformer voltage 
regulator (above) with no moving parts 
or complicated feed-back systems, 
automatically and continuously de- 
livers output voltage controlled within 
+1% under line voltage variations as 
great as +10%. Response time is 1.5 
cycles or less. Regulators are offered 
for three-phase circuits from 50 kva to 
200 kva. Regulation is maintained 
during fast load changes ranging be- 
tween zero load and rated load as well 
as simultaneous changes.—Sola Elec- 
tric Co., 4633 W. 16th St., Chicago 50, 
Til. 


i a ee wil 1 a 


| Portable Gamma Area Monitor 


Portable gamma area monitor (above) 
has flexibility of a survey meter plus 
specifications and alarm system of a 
fixed area monitoring installation. 
Rechargeable mercury battery-oper- 





New techniea! 
requirements 
Keene ire 


new Woe ebebrenetes 


FALSTROM COMPANY 





NEW PROFESSIONAL GROWTH OPPORTUNITIES for |PRODUCTS & MATERIALS 


PHYSICISTS, SCIENTISTS, 
ENGINEERS, (metallurgical, Chem., Mech.) 


IBSHR —The Integral Boiling and Superheat Reactor, in which 
water is boiled and superheated within the same reactor core, 
is one of the advanced concepts under study. To realize the ad- 
vantages of this concept, challenging problems in reactor con- 
trol, fuel element design and frabrication, and fluid mechanics 


will require solution. 


Scientist-Engineer—To analyze 
transient conditions in nuclear reactor 
systems; development of equations 
describing the nuclear thermal and 
hydraulic conditions within system 
components. Should have several years 
experience with analog and/or digital 
computational techniques. B.S. or M.S. 
in Engineering, Physics or Mathematics. 


Scientist-Engineers—To design, 
fabricate and test experimental equip- 
ment for irradiation testing of materi- 
als, B.S., M.E., and experience applica- 
ble to position. 





Engineers —To plan, direct installa- 
tion and shakedown operations of en- 
vironmental loops for testing facilities. 
B.S. degree in engineering, with mini- 
mum of two years experience on in-pile 
loops or high pressure test facilities. 


Scientists or Engineers — To plan, 
conduct and interpret radiochemical 
experiments associated with induced 
and transported radioactivity in nu- 
clear plants and consult on problems 
of a radiochemical nature. B.S. degree 
in Chemistry or Chem. E. with mini- 
mum of three years related experience. 


If you can visualize your professional growth in an atmosphere of scientific 
investigation, write to: Mr. C. S. Southard, Westinghouse Atomic Power 
Division, RO. Box 355, Dept. X-20, Pittsburgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 


Department starts on page 136 


|ated supply with separate rechargeable 
| batteries operates an integral audio- 
|visual alarm system. Up _ response 
time is .1 to 10 mr/hr in 4 sec and down 


iS ° ° . . 
§| time is 10 to .1 mr/hr in 12 sec.—Riggs 


|Nucleonics Corp., 717 N. Victory 
Blvd., Burbank, Calif. 


11 Seem 


} Automatic Sample Changers 


Automatic sample changer (above) can 


i; handle and count automatically up to 


200 samples. Models are available for 
gas flow, for scintillation, and for both. 
Virtually 4 pi shielding of counting 
chamber is provided. , Information is 
obtained on every sample, regardless of 
level of activity by automatic reverting 
circuit which is preset at scaler. Low 
count samples are timed for a small 
fraction of full preset count.—Techni- 
cal Associates, 140 W. Providencia 
Ave., Burbank, Calif 


Coincidence Analyzer 


Model 32-2 four channel coincidence, 
anticoincidence analyzer (above) can 
be used in combination with most com- 
mercial sealers or ratemeters. It is 
designed for use with Geiger and scin- 
tillation detectors. Any combination 
of four channels can be used in antico- 
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incidence with any one or combination 
of the other three channels. Channel | 
dead time is 10 ysec and input pulses | 
can range from 50 v negative to 100 v | 
positive.—Radiation Instrument De- | 
velopment Lab, Inc., 61 East North 
Ave., Northlake, IIl. 


Temperature Detector 


Fast-response resistance temperature | 
detector is designed to measure reactor 
cooling water. It has exponential time 
constant of 1.5 sec and is made from a 
single solid piece of type “R” Monel. | 
Temperature range is —70° C to 
+ 200° C, and max pressure can be 200 
psi. Detector can tolerate radiation 
level of 500 rad/hr from 0° C to} 
+170° C and radiation exposure of 
5 X 10’ rad total of 1 Mev average 
gamma radiation at temperatures of | 
125° C to 150° C.—Thomas A. Edison 
Industries, Instrument Division, West 
Orange, N. J. 


Butterfly Valves 


Stainless steel, quarter-swing butterfly 
valves (above) are available in 1-, 2-, 
4- and 6-in. bore. All are <2 in. deep. 
Four- and 6-in. models can be pneu- 
matically operated.—Edwards High 
Vacuum Inc., 1920 Buffalo Ave., | 
Niagara Falls, N. Y. 


Multipurpose Linear Amplifier 


Multipurpose non-overloading linear | 
amplifier accepts input pulses from 0 to 
80 v. Discriminator output pulses are | 


15 v negative or 25 v positive. It has | 
a gain of 10,000 and features both posi- | 
tive and negative B-plus.—Radiation | 
Instrument Development Lab, Inc., 61 | 


East North Ave., Northlake, II. 
Glove Box | 
Stainless-steel controlled-atmosphere | 
glove box can be used as a vacuum | 
chamber by covering the glove ports | 
with plates provided. If desired, ap-| 
propriate atmosphere can be introduced 
into evacuted chamber with contami- | 
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ISOTOPIC 
TRENDS 


PHOSPHORUS-52 AND SULPHUR-S5 
INTERMEDIATES — 


VALUABLE REAGENTS FOR 
INDUSTRIAL RESEARCH 


The following intermediates labelled with 
phosphorus-32 will interest chemists concerned 
with the organic phosphorus compounds — 
insecticides, plastics additives and solvent 
extraction reagents, 


PHOSPHORUS TRICHLORIDE/P-32 
PHOSPHORUS OXYCHLORIDE)/P-32 
PHOSPHORUS PENTASULPHIDE/P-32 


All are in regular production at the 
Radiochemical Centre, available at short notice— 
and relatively inexpensive. 


Compounds labelled with sulphur-35 are important 
to those concerned with research in the 
pharmaceutical industry, with detergents and with 
oil and rubber additives. The wide range we can 
supply from stock or at short notice includes: 


ELEMENTARY SULPHUR/S-35 

SULPHUR DIOXIDE/S-35 

HYDROGEN SULPHIDE/S-35 
CONCENTRATED SULPHURIC ACID/S-35 
CHLOROSULPHONIC ACID/S-35 
CARBON DISULPHIDE/S-35 


Please write for details. Comprehensive catalogues, including more than 
500 /abelled compounds, are available on application, 


THE RADIOCHEMICAL CENTRE 
AMERSHAM - BUCKINGHAMSHIRE - ENGLAND 


TAS/RC.S6 
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nation less than one part in 10° without 
purging. Work space is 34 in. wide X 
|22in.deep X 22in. high. Airlock can 
| be placed on right or left side port. 

| Delta Design, Inc., 7460 Girard Ave., 
|La Jolla, Calif. 


IN EMERGENCY ... contaminated eyes are instantly cleansed of dangerous particles 
and chemicals by controlled water streams from HAWS Emergency Eye-Wash Fountains. 
This “split second safety” before medical aid arrives can mean the difference between 


temporary eye irritation and permanent eye injury! HAWS will provide emergency 
facilities best suited for your safety program—minimizing hazards, reducing claims, 
lowering insurance costs. Get the facts by writing today for illustrated literature ! 


NS 


HAWS EYE-WASH FOUNTAI 


MODEL 7100 


old model 8930 


Basic eye-wash with enameled iron bowl; 
quick-opening valve for operation; adaptable 
to treadle operation; chrome plated brass water pres 


model 
manual 





sure regulators and twin fountain heads. Wall mounted 


and pedestal models available 
1443 FOURTH STREET 


BERKELEY 10, CALIFORNIA 


EXPORT DEPARTMENT: 19 Columbus Avenue, San Francisco 11, California, U.S.A. 


\" 


Ready Made 
SIGNS FOR SAFETY 


ALL READY MADE Radiation signs con- 
form in color and design with standards 
specified by the Atomic Energy Com- 
mission. Write for complete list! 


RADIATION | 


DANGER 


HAWS DRINKING FAUCET CO. 
Since 1909 











RADIOACTIVE 
Oe 


= 
RADIOACTIVE 


CAUTION 











4,0 
ae 


RADIOACTIVE 
MATERIAL 


a 
* 


HAZARD 


CAUTION 
RADIATION 
* AREA 


























CAUTION 


RADIOACTIVE 
** MATERIAL 








WRITE FOR COMPLETE CATALOG! 


SIGN COMPANY, INC. 


115 WORTH STREET, NEW YORK 13, N. Y. 


Dept. N-9 


Rate of Change Computer 


Rate of change computer consists of 
d-c preamplifier, filter with a selected 
roll-off characteristic followed by a rate 
network which develops first derivative 
preamplifier output. 





D-c impedance 
changer permits use of impedance by 
Units 
can be connected with alarm circuits 
and automatically initiate shutdown 
Mini- 
mum input impedance is 2.5 X 104 
| ohms and output impedance is 50 ohms. 
| Six full-scale ranges between 100 and 
15,000 uv/sec are 


normal recorders or controllers. 


when set rates are exceeded. 


provided and time 
constant is 0.5 sec.—Magnetic Instru- 
ments Co., Inc., Thornwood, N. Y. 


| Tilting-Disc Check Valves 


Four pumps on primary loop of N. 8. 
Savannah are protected against coolant 
reverse flow by four tilting-dise check 
valves (above) counterweighted saucer- 
| like dise swings on pins containing tor- 
}sion springs which speed closing at 
moment of zero velocity while prevent- 
ingalarming. Pins are mounted down- 
stream from valve seat. Valve opens 
fully at flow of 8 fps. Eight similar, 
though larger, valves for the Indian 
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Point reactor will have gold-plated 

coniescen Gas eneieaal NOW YOU CAN BUY 
nigreFoe U.S. APPROVED 
cs ade of po Sal oA ANTON TRANSISTORIZED 


sodiun Edward Valves, Inc., East 


ee, nd SURVEY METERS 


FOR LABORATORY OR FIELD USE 


ruments assure accurate survey he nton 700 meets the rigid 
federal OCDM Specification for CDV-7 ang 5, 5, SQ MR/HR. Only five 
(S) conventional flashlight (type D) bat 
reliable, experience-tested transistorized circu 
of life without battery change. Over 50,000 units manufactured to date by qua 
controlled “line” producing one unit per minut »~w model equipped with 
easy-to-read 314°’ meter aural monitoring through headphone. Equipped 
with long-lived Anton halogen quenched detectors. ANTON ELECTRONI€¢€ 
LABORATORIES IN¢ 
6 Flushing Ave., B’k 7, N.Y 


Irradiation Facility 


Neutron-gamma’ irradiation facility 
e) is made of heavy transparent 

ind filled with distilled water. 

ental area is visible and readily 
Versatile facility can be 

1 for unusual neutron experiments 

as well as those performed with a neu- 
tron howlitzer. Several gamma-ray 
experiments can also be performed. 
Experimental manual and visual teach- 
ing-aid kit are provided.—Reactor Ex 
periments Inc., Box 133, Sales Mart, 


1485 Bavshore Blvd., San Francisc 


{ 11 


L 





Solid State Counting System 


Compact, rack mounted, solid state 
G-M counting system (above) weighs 
only 19 lb. Scaler sensitivity is ad- 
justable from 0.25 v to 5 v and rate- 
meter time constants are 0.5, 2, 10 and 
ounting ranges are to 

Power supply volt- | ogper NOW FOR IMMEDIATE DELIVERY... OR SEND FOR ADDITIONAL DATA. 

to 2,500 v, positive. *FOB B’klyn. If payment accompanies order we will ship at our own expense (quantity discounts on request) 
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Analytical 
and 
Radiochemists 


Continued expansion of Atomics International’s nuclear 
programs has created new opportunities for experienced 
analytical and radiochemists to work in our new laborato- 
ries in Southern California. 


These are career positions in support of one of the broadest 
and most diversified nuclear programs in industry today. 


Senior Analytical Chemists. Experience in at least two of the 
following fields; classical wet chemical analysis; spectro- 
photometry and flame photometry; polarography; electro- 
chemistry; gas analysis (vacuum fusion) or high vacuum 
experimentation; gas and/or solution adsorption. Duties 
will include developing improved, rapid methods of analyses 
of reactor materials; investigation of techniques for meas- 
urement of trace concentration of metals and gases; gas 
adsorption measurements of absolute surface area; and 
valence state determinations. 


Senior Radiochemists. Experience in at least two of the fol- 
lowing; identification, separation and purification of indi- 
vidual radionuclides; application of radiation counting 
equipment; standardization and calibration of radiation 
assay equipment; preparation of special sources and stand- 
ards of radioactivity ; radioactivation analysis; fission gas 
measurements ; and use of radionuclides as tracers. 


Duties will include research and development in nuclear fuel 
burnup determinations; rapid, simplified radiochemistry; 
absolute radioactivity measurements ; radioactivation anal- 
ysis. 


Senior Chemist or Engineer. Experienced in design, precure- 
ment and operation of electronic radiation counting instru- 
ments. Duties to be: improvement of radiochemical analysis 
capabilities and in the development of radioactivation anal- 
ysis for trace constituents ; methods of absolute radioactiv- 
ity assay; act as consultant on complex mechanical and 
electronic instrumentation used in radiochemical analysis. 


For specific details write: Mr. C. J. Newton, Personnel Office 
Atomics International, 8900 DeSoto Avenue, Canoga Park, 
California. 


ATOMICS INTERNATIONAL ATS 


A DIVISION OF NORTH AMERICAN AVIATION, IN 
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—Hamner Electronics Co., Inc., P. O. 
Box 531, Princeton, N. J. 


Inconel Heat Exchanger Tubing 


Nuclear quality Inconel heat exchanger 
tubing is drawn from carefully selected 
tube hollows. Closely controlled 
chemical composition establishes maxi- 
mum limits for C and Co contents; Co 
is held to 10% or less. Tubing is 
checked during production for surface 
appearance and size control and many 
non-destructive tests and inspections 
can be performed as specified. Stand- 
ard sizes range from .125 in. OD and 
.035 walls to 14g in. OD and .035 in. 
walls—Superior Tube Co., 1552 Ger- 
mantown Ave., Norristown, Penna. 


LITERATURE AVAILABLE 


| Human Body Radiation Monitors. 4 


PP:; 


| Low Level Counting Facility. 4 pp.; 


Nuclear Enterprises Ltd., 1750 Pem- 
bina Highway, Winnipeg 9, Canada; 
Bankhead Medway, Sighthill, Edin- 
burgh, 11, Scotland. 


| Pipe & Tubing; Large Dia., Corrosion 


Resistant. 52 pp.; Swepco Tube 
Corp., 1 Clifton Blvd., Clifton, N. J. 


High Voltage Power Supplies. 8 pp.; 
The Victoreen Instr. Co., 5806 
Hough Ave., Cleveland 3, Ohio 


Millimicrosecond Oscilloscope. 
Model 112, 6 pp.; Lumatron Elec- 
tronics, 116-120 County Courthouse 
Rd., New Hyde Park, L. I., N. Y. 


Nuclear Instrumentation. Bulletin 
GEA-7006A, 4 pp.; General Electric 
Co. Atomic Power Equipment 
Dept., 2151 S. First St., San Jose, 
Calif. 


| Temperature conversion chart. 2 pp.; 


Fansteel Metallurgical Corp., No. 
Chicago, IIl. 


Nuclear fuel facility. 11 pp.; AMF 
Atomics Canada Ltd., Port Hope, 
Ontario, Canada. 


Thermocouple tubing. 2 pp.; Saxon- 
burg Ceramics, Inc., Saxonburg, 


Penna. : 


Pressuretransducers. Bulletin 36010, 
9 pp.; Rosemount Engineering Co., 


September, 1960 - NUCLEONICS 





490 W. 78th St., Minneapolis 24, 


Minn. 


Potentiometer transducers. 4 pp.; 


H. E. Sostman & Co., 347 E. Lincoln | 


Ave., Cranford, N. J. 


Resistance-type temperature detec- 


tor. 2 pp.; Bailey Meter Co., 1050 
Ivanhoe Road, Cleveland 10, Ohio. 


Process flame photometer. 4 pp.; | 


Waters Associates, 45 Franklin St., 
Framingham, Mass. 


Dry box gloves. SD 60-1, 19 pp.; 
Charleston Rubber Co., Stark In- 
dustrial Park, Charleston, So. Car. 


Periodic chart of the atoms. Atomic 
Development Securities Co., Inc., 
1033 30th St., N. W., Washington 7, 
D. C. 


A profile of progress - CBS electronics. 
8 pp.; CBS Electronics, 100 Endicott 
St., Danvers, Mass. 


Accurate, low-cost temperature con- 
trols. Bulletin 108, 12 pp.; As- 
sembly Products, Inc., Chesterland, 
Ohio. 


Scintillation transducers & crystals. 
6 pp.; Levinthal Electronic Products, 
Stanford Industrial Park, Palo Alto, 
Calif. 


Reactor components. Bulletin 4, 8 | 
pp.; The Herrick & Cowell Co., 23 | 
Devine St., No. Haven, Conn. 

Eccentric valves. Bulletin 110, 8 pp.; | 
DeZurik Corp., Sartell, Minn. 


Liquid scintillation spectrometers. 
Bulletin 30-5/59, 4 pp.; Packard 
Instrument Co., Inc., P.O. Box 428, 
La Grange, IIl. 


Aluminum Tube and Shapes. 30 pp.; 
Wolverine Tube, Div. of Calumet & 
Hecla, Inc., 17200 Southfield Rd., | 
Allen Park, Mich. 


Developments in lon Exchange. Re- | 
print 84, 12 pp.; Naleo Chemical Co., | 
6216 W. 66th Place, Chicago 38, III. | 


Power and Process Piping. Bulletin 
60B, 24 pp.; Midwest Piping Co., 


.| 





control 
starts 
her @ with Kr** beta sources 





Regulation of basis weight by means of a beta gaging system 
is the key to product uniformity in this large paper plant. 
Control unit manufactured by The Foxboro Company utilizes 
a krypton-85 beta source from United States Radium Cor- 
poration—largest producer of radiation sources in thiscountry. 

This installation is one of thousands using beta, gamma and 
neutron sources fabricated by U. S. Radium. It is typical of 
the many current applications of Kr®5 beta sources of linear 
or point-type design with concentrations of a few microcuries 
to a curie or more. 

Beta sources, now available in a wide range of configura- 
tions, intensities and energies, include Kr85, H3, C14, Ni63, 
Pm147, Ti204, Sr90, and Rul°6, among others. Gamma 
sources incorporating natural or artificially-produced isotopes 
include Ra226, Co®°, and Cs!37, all designed to specification. 
Neutron sources, calibrated or uncalibrated, are available in 
radium-beryllium, radium D-beryllium, polonium-beryllium 
and actinium-beryllium. 

U. S. Radium will consult on design of beta, gamma and 
neutron sources to meet your own requirements. Write 
Department F9. 

To keep pace with our expansion, U.S. Radium is continually 
seeking trained technical personnel. Please address inquiries to 
Director of Personnel. 


"8 UNITED STATES RADIUM CORPORATION 


Plastic-Film Dust Bellows. 4pp.;A. F. 
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MORRISTOWN, WN. J. | Offices : Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 


Port Credit, Ont., Canada and U.S. Radium Corp. (Europe), Geneva, Switzerland. 
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Gagne, Assoc., 50 Wall St., Bingham- 
ton, N. Y. 


| 
| 
| 
| 
| 


Peerless has had a seporcte research a Data Translator - Paper to Magnetic 
and development group working on 


pumps for high temperatures and pres- : } Tape. 2 pp.; 
i » t of thi r 
sures since 1950. Out of 9 powered This limited leakage pump for on | Format Control Buffer for Computers. 
submarines, reactors, steam generators. Atomic Laboratory is shown above un- 
dergoing fital high temperature seal 
tests. Parts in contact with pumpage 
are all of 304 stainless steel. 


4 pp.; Electronic Engineering Co. of 
Calif., 1601 E. Chestnut Ave., Santa 


This Peerless Pump is installed at the 
Vallecitos Atomic Plant on the first 
forced circulation dual cycle boiling 
water reactor ever built. 


PROVEN PUMPS 


Recognizing the need for spe- 
cial pump equipment for nu- 
clear and related equipment, 
Peerless long ago set up a 
special development and pro- 
duction group. Drawing on 
thirty-five years of experi- 
ence, this group has engi- 
neered a number of pumping 
elements for the extremely 
high pressures, low stuffing 
box leakage and high tem- 
peratures involved in reactor 
systems. 

Coupled with this skill 


Peerless has created a group 
of facilities among the most 
modern in the pump indus- 
try. This wealth of knowl- 
edge and facilities is at your 
immediate disposal. Write 
Peerless today for assistance 
on your pump requirements. 


Send for Facilities Brochure PR-2 


Putting !/deas to Work 


FOOD MACHINERY AND CHEMICAL 


CORPORATION 
Peerless Pump Division 


230 N. Ave. 25, lL. A. 31 


Ana, Calif. 


Armorox Thermocouples. Bulletin 
P1281A, 6 pp.; 

Indicating Pneumatic Controllers. 
Bulletin DM0O58, 6 pp.; The Bristol 
Co., Waterbury 20, Conn. 


Nuclear Energy Services. 26 pp.; 
Gilbert Assoc., Inc., 525 Lancaster 
Ave., Reading, Penna. 


Zirconium Data File. Zirconium In- 
formation Center, Carborundum 


Metals Co., Akron, N. Y. 
Biochemicals & Radiochemicals. 28 
pp.; Schwarz BioResearch, Inc., 230 


Washington St., Mt. Vernon, N. Y. 


| Labeled Compound Price List. 16 pp.; 


—~| New England Nuclear Corp., 575 





ing, C™ Dating, Natural 
Tracers. 


3617 Woodland Ave. 
* High Level & Low Level 





FOR PEOPLE* WHO COUNT* 
RESEARCH AND CONSULTING 


Nuclear and Radiochemistry, Radiation Chemistry, Low-Level Count- 
ing, Analytical Applications, Instrumentation for Nucleonics. 


MANUFACTURING 


LOW-LEVEL COUNTERS AND SYSTEMS: Fallout ELECTRONICS: Electrometers, Transistorized 
Surveys, Radon Monitoring, Whole Body Count- Components for Low-Level Systems. 
Tritium  lsotopic OTHER SYSTEMS: Training Aids, Shields, 


Irradiators. 


ANALYTICAL SERVICES 
Consulting, Manufacturing, and Services in Complete Environmental Monitoring. 


WILLIAM H. JOHNSTON LABORATORIES, INC. 


BALTIMORE 15, MARYLAND 


MOhawk 4-8400 


Albany St., Boston 18, Mass. 


Labeled Compounds for Research. 
28 pp.; Volk Radio Chemical Co., 
5412 N. Clark St., Chicago 40, III. 


Transistor, Portable 3-In. Oscillo- 
scope. 4pp.; Tektronix, Inc., P. O. 
Box 831, Portland 7, Ore. 





Recording Oscillograph. Bulletin 

| 1623, 8 pp.; Electro Mechanical 

| Instr. Div., Consolidated Electro- 
dynamics, 360 Sierra Madre Villa, 
Pasadena, Calif. 








DID YOU START MANUFACTURE OF NUCLEAR PRODUCT 


TOO LATE TO BE LISTED IN LAST YEAR’S 
NUCLEONICS BUYERS’ GUIDE? 


Then write today for a questionnaire to make certain that your| 
firm's nuclear products, materials, services will be included in the 
November, 1960 issue. 


title and address. 
future. 


-| Pressure Indicator. Bulletin F-9951, 


S| 2 pp.; Barber Colman Co., Whellco 


Instr. Div., Rockford, Ill. 


| Sliding Gate Diaphragm Control 
Valves. 8 pp.; OPW-Jordan, Div. 
of OPW Corp., 6013 Wiehe Road, 
| Cincinnati 13, Ohio. 


Send us the name of the expert who 
can properly categorize products with nuclear applications, his| Butterfly Valves. Catalog 307, 4 pp.: 


Questionnaires will be mailed in the near 
They must be filled in and returned according to instruc- 


tions by September 1st to get free listings. 
NUCLEONICS 


A McGraw-Hill Publication 
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© 330 West 42nd St., New York 36, N.Y. 


Mason-Neilan, Div. of Worthington 
Corp., Norwood, Mass. 


Automatic Sample Changer. 2 pp.; 

| Radiation Instr. Development Lab., 
Inc., 61 E. North Ave., Northlake, 
Il. 
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INDUSTRY NOTES 


@Nuclear Service Consultants, Inc., 
New York City, has been formed as a 
subsidiary of Consultants & Designers, 
Inc., to provide specialized consulting 
services to the nuclear power industry. 
Organizer is Edwin E. Lindahl, form- 
erly of Bettis Atomic Laboratory, who 
said NSC would specialize in design 
problems covering the complete scope 
of the nuclear power plant business. 


@AEC and Euratom have accepted 
15 research-development proposals 
under their joint program, as of end- 
July. The total represents $7.8-mil- 
lion in research projects to be carried 
out by 28 Euratom and 10 U.S. organi- 
Proposals accepted thus far 
have dealt with the fuel cycle, pluto- 
nium recycling and other general 
reactor areas; a new invitation for re- 
on boiling-water 
reactors was expected during August. 


zations. 


search-development 


@ AEC has reaffirmed its policy, first 
announced several years ago, of re- 
fusing to accept non-AEC nevtron- 
irradiation business in AEC-owned 
facilities unless ‘‘privately-owned fa- 
cilities are not reasonably available.” 
For the most part, AEC said, private 
facilities either currently or prospec- 
tively available “should be able to 
perform all desired commercial irradia- 
tions.” Work in AEC reactors, it was 
stated, will be ‘“‘limited to AEC 
projects and other projects specifically 
approved by AEC.” 


@industrial Uranium Co. has filed 
suit against AEC, in the U. 8. Court 
of Claims, seeking payment of nearly 
$i-million for vanadium produced 
from uranium ores at Industrial’s 
Monument Valley, Ariz., mines. The 
company alleges that AEC has repudi- 
ated an agreement with the uranium 
industry to purchase vanadium pent- 
oxide produced with uranium ores. 


@lsotopes Specialties div. of Nuclear 
Corp. of Ameriea has appointed C. W. 
Reed Co., Los Angeles and San 
Francisco, engineering representative 
for its line of labeled compounds and 
Reed’s territory: 
California, Oregon, Washington, Ari- 
zona, Wyoming, Western Idaho, Mon- 


radioactive services. 


tana and Nevada. 


@Natural and depleted uranium as 
used in aircraft as counterweights have 
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been exempted by AEC from its 
licensing regulations. In a _ typical 
application about 300 lb of U metal is 
used in wing tips and tail pieces of jet 
commercial airliners. 


FINANCIAL. Its best six months 
since 1953 was reported by Tracerlab 
for the first half 1960; earnings were 
$55,000 on sales of $6,079,000, the 
latter up 20% from last year’s first 
half. President 8S. 8. Auchincloss said 
all company operations had shown 
improvement over @ year ago... . 
Hamner Electronics, Princeton, N. J., 
reported 1960 sales will go beyond 
$800,000, as compared with $600,000 
in 1959; the firm expects 1961 sales of 
its nuclear instruments to exceed 
$1-million. . . . Cenco Instruments is 
raising $5-million, through the sale of 
convertible debentures, to pay off 
$500,000 in bank loans and for possible 
use in increasing inventories, extending 
customer credit or financing acquisi- 
tions. 


COMPANY MOVES. New execu- 
tive offices of Crane Co. are: 155 N. 
Wacker Dr., Chicago. . . . Combus- 
tion Engineering has moved its general 
offices to Windsor, Conn., where its 
nuclear division has been located for 
five years; AEC will retain New York 
City offices for its chairman and chief 
executive officer. 


ACQUISITIONS. All assets of Anton- 
Imco Electronics Corp., New York 
City, have been acquired by Lionel 
Corp.; 134 share of Lionel was to be 
exchanged for one share of Anton-Imco. 
. . . Royal Industries, Los Angeles, 
major supplier of control-rod mecha- 
nisms to the nuclear Navy, has ac- 
quired three California firms; one, 
Dublin Industries of San Francisco will 
be operated as Royal’s Nuclear Science 
div., manufacturing nuclear-analytical 
systems and products for handling 
radioactive materials and viruses. .. . 
Victoreen Instrument has acquired 
Nuclear-Electronics Corp., Bronx, N.Y. 


NEW BUSINESS. A major construc- 
tion contract for Argonne National 
Laboratory’s Zero Gradient Synchro- 
tron has been awarded to Corbetta 


Construction Co., Chicago; Corbetta | 


bid $4,288,400 for constructing two 
ZGS buildings and a system of con- 
crete tunnels above grade. 





P-K PAUL 
CONTROL VALVES 
OFFER 


PRECISION 
CONTROL 


OF LESS THAN 1% 
OF MAXIMUM FLOW 


RANGEABILITY 
COMPARISON 
CHART 


Rangeability — Ratio 
of Maximum Flow 
(Cv) To Minimum 
Controllable Flow 


P-K Paul Valves 





A—Globe Valves, V-Port Plug 
B—Globe Valves, Contoured Plug 
C—Butterfly Vaives 


‘a 
Higher Flow Capacity 
Positive Shut-Off 
Non-Turbulent Flow 
Low Operating Thrust 
Self-Purging 
Resistant to Erosion 
and Abrasion 


Write today for 
Technical Catalogue GV101 


197 SOUTH VAN BRUNT STREET 








NOW AVAILABLE! 


Neutron 


DOSIMETERS 
by Gondix” 


With Boron-Coated 
lonization Chambers 


IMMEDIATE DELIVERY ! 


@ Self-indicating. For thermal or slow nev- 
trons only. 

@ Range O to 2X permissible daily dose 
units, based on an allowable daily dose 
of 2000 n/cm2/sec. for an 8-hr. day. 

Also Available: 

Standard 200 mr X-ray and gamma dosi- 
meters, plus a choice of ranges up to 100 r. 
Prices and complete data on request. 
Ask for Bulletin D-609. 


ATOMIC 
accessores inc 


Subsidiary of Baird-Atomic Inc. 


811 W. MERRICK RD., VALLEY STREAM, N. Y. 
| 


t 
f 
t 


SCINTILLATORS 


Neutron Detectors 

@ Clear boron-containing organic 
glass with ZnS (Ag) dispersion 
for fast and slow neutron de- 
tection. 


® Loaded liquid scintillators. 


® Proton recoil liquid and plastic 
units. 


© Pulse shape discrimination liquid 
and plastic units. 


Gamma Detectors 


© Flow well plastics, and 


slabs. 


type, 


Beta Detectors 

@ Flow type, capillary and liquid 
for filter paper counting, thin 
sheets. 


NUCLEAR 


h ee LTD. 
1750 Pembina Highwa 
WINNIPEG 9, CANADA 
Associate = Nuclear Enterprises 





Le 
Sighthill, Edinburgh ||. Scotland 





NEWSMAKERS 





John C. Bugher has reported to the 
Puerto 
distin- 


Caribbean as director of the 
Rico Nuclear In a 
guished nuclear career, Bugher has been 
consultant on nuclear energy affairs at 
the Rockefeller Foundation, director of 
AEC’s Biology and Medicine div. and 
chairman of AEC’s Advisory Commit- 
tee for Biology and Medicine. 


Center. 


Chief of the government’s NS Savan- 
nah project, Preston Eddy, has left 
AEC and the Maritime Administration 
(he wore two hats) to join General Elec- 
tric’s Atomic Power Equipment dept. 


David F. Shaw has been named general 
manager of General Electric’s Aircraft 
Nuclear Propulsion 
dept., which has re- 
cently made 
part of GE’s Flight 
Propulsion div. 
Shaw took his new 
ge A 


where 


been 


from 
cA.. 
been 


post 

Kaiser 
he had 
president of 
Samuel J. 
Levine, manager of AN P’s Projects sec- 
tion, had taken the post on an acting 
basis earlier this year from Roy Shoults, 
now in GE’s New York City Office. 


vice- 
engi- 


Shaw 


neering. 


AEC has appointed a second hearing 
examiner. He is J. D. Bond, formerly 
of the Federal Communications Com- 
mission, who joins Samuel W. Jensch. 
Sherwood L. Fawcett has been ap- 
Physics dept., Bat- 
telle Memorial In- 
stitute, succeeding 
the late H. R. Nel- 
son (NU, June ’60, 
Fawcett had 
assistant of 


pointed manager, 


158). 
been 
the depart ment, 

includes 
than 300 
scientists, engineers 


which 
more 
Fawcett oe ; 
and technicians in 


nuclear and solid-state physics and 


reactor technology, since 1957. 

A British plasma and electron-dynam- 
ics specialist, Oscar Buneman of Cam- 
joined Stanford 
Laboratories as 


Univ., has 


bridge 
Univ.’s Electronics 
senior research associate and lecturer 
in electrical engineering. He will de- 
vote much of his time to research on 
the current flow in 


limitations on 


plasmas. Before joining Cambridge in 
1950, Buneman had been senior princi- 
pal scientific officer at the U. K.’s nu- 
clear research center, Harwell. 


Atomics International has appointed 

its manager of applications engineer- 
ing, Robert L. Loft- 
ness, to represent 
AI in the manage- 
ment of Dynatom, 
the 
French 
Loftness 
commercial director 

The 


are: 


firm’s new 
affiliate; 
will be 


of Dynatom. 
other officers 
president, Joseph- 
Auguste Laurin; and vice-president and 
deputy to Laurin, Roger Julia, director 
general of Societe Alsacienne de Con- 


Loftness 


structions Mecaniques, one of AI’s two 
French partners in the venture. At 
Al’s Canoga Park, Calif., headquarters, 
Raymond J. Beeley has been named 
deputy director of the Sodium Reactors 
dept. and James E. Mahlmeister has 
Beeley as 


sodium reactor engineering. 


succeeded group leader, 


Radiation Dynamics, Inc., has named 
Karl Eklund director of research and 

applied ion physics. 

Eklund joined RDI 

from Columbia 
Univ., where he 
worked on electron 
and gamma-ray 
spectroscopy (asso- 
ciated with charged 
particle reactions) 
Eklund in the Pegram Nu- 
clear Physics Labo- 
Eklund is expected to have 


a major role in RDI’s development of 


ratories. 
advanced accelerators. 


Stanley Grand, former director of re- 
search and development at Radiation 
Research Corp., has joined Vitro Labo- 
ratories, West Orange, N. J., as head 
of the Are Research 
dept. 


Chemistry and 


Chief of the Mass Spectrometry sec- 
tion, National Bureau of Standards 
Fred L. Mohler—has retired after 43 
years with the Bureau. 


Walter A. Hamilton, a member of the 
Robert McKinney staff during McKin- 
ney’s recent international-atomic- 
energy study for the Joint Committee 
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on Atomic Energy, has returned to his 
post as contracts director, Nuclear De- 
velopment Corp. of America. 


Three management changes at AEC’s 
General Electric-operated Hanford 
Works: R. L. Dickeman has been named 
general manager, Fuels Preparation 
dept.; L. L. German, manager, Con- 
struction Engineering and Utilities 
operation; and O. C. Schroeder, man- 
ager of manufacturing, Irradiation 
Processing dept. 


AEC’s New York Operations Office has 
elevated Carl R. Stahle to director of 
the Reactor div. from his former post as 
chief of the Development branch. 


A former official of AEC’s Reactor De- 
velopment div., Don B. Coburn, has 
joined General 
Atomic div. of Gen- 
eral Dynamics as a 
member of the re- 
search staff, where 





he will work in the 


area of advanced-| 
| 
reactor concept | 
evaluation. Co-} 
burn was chief of 

Coburn ; i 
the High Tempera- 


ture Reactors branch at AEC before 


man of the new-concept selection 


he went to GA; he was also first chair- | 


board, which has been dissolved. 


Wesley A. Funk has left his post as 
deputy manager of AEC’s Idaho Oper- | 
ations Office to join the International | 
Cooperation Administration; his first | 
assignment for ICA will be as engineer- | 
ing advisor to the Korean government. | 


New staffers at Armour Research 
Foundation: Daniel Sperber, associate 
physicist in reactor physics; Gene H. 
Wojciechowski, assistant physicist in 
solid-state physics; and John Reed and 
John Palsedge, assistant physicists in 


nuclear physics. 


Geoffrey G. McKenzie has been 
named controller at AMF Atomics, 
Canada; he had been chief internal | 
auditor. McKenzie is also an organizer 
of the projected Canadian nuclear in- 
dustry association. 


Robert H. McCulloh, manager of AEC’s | 
Portsmouth Area Office, has retired. 
A 12-year AEC veteran, McCulloh is 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 
EINDHOVEN-HOLLAND 


Work in a nuclear reactor 
plant can't be compared with 
living beside a volcano. Wor. 
kers in reactor plants, you 
see, are safe! 

They can rely all time upon 
monitoring instruments sur- 
rounding them - the finest 
and most sensitive in exist- 
ence. 


Philips produce indispensable 
and reliable equipment rang- 
ing from portable monitors 
and personal dosimeters to 
permanently monitoring, mul- 
ti-channel installations such 
as the one designed and con- 
structed for the Austrian Or- 
ganization for Nuclear Ener- 
gy Research (S.G.A.E.) at Sei- 
bersdorf near Vienna. 


The equipment in use here 
includes channels for the 
measurement of both gam- 
ma-radiation and fast and 
slow neutrons in the experi- 
mental reactor building, and 
for the monitoring of water 
and air contamination 


no living on a volcano 


PHILIPS 


nuclear equipment 


joining American Machine and Foun-| Perticle accelerators @ Reactor control instrumentation @ Health protection and monitoring equip 
-C \ ° ogre ment @ Radiation measuring and detection equipment @ Gei er counter tubes @ Photomultipliers 

dry Co. at Marysville, Calif. | @ Radio-active isotopes @ Vacuum measuring equipment @ Air and gos liquefiers 
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E.M.I. 
PHOTOMULTIPLIERS 


FOR 
Scintillation Counters 


E.M.I. Portable Contamination Monitor Type 1 


For efficiency, sensitivity and con- 
venience, the scintillation counter, 
using a photomultiplier in one of 
its many current E.M.I. forms, is 
undoubtedly the most universally 
useful device for the detection and 
measurement of alpha, beta and/or 
gamma rays. 

The range of E.M.I. photomulti- 
plier tubes is probably the largest 
in the world. As well as an extensive 
list of standard types effectively 
covering all the principal photo- 
electronic applications, special 
tubes can be produced to suit 
specific problems. Send us your 
inquiries—our design team will 
gladly co-operate with you. 


E.M.I. ELECTRONICS LIMITED 


VALVE DIVISION 
HAYES - MIDDLESEX - ENGLAND 
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|NUCLEAR CALENDAR 


Sept. 7-9—First Joint Automatic Con- 
trol Conference, sponsored by Instru- 
ment Society of America, American 
Institute of Chemical Engineers, 
American Institute of Electrical Engi- 
neers, American Society of Mechan- 
ical Engineers and Institute of Radio 
Engineers, Cambridge, Mass. (Mas- 
sachusetis Institute of Technology). 
Contact James Mozley, Johns Hop- 
kins Univ., Baltimore, Md. 





Sept. 11-16—138th National Meeting of 
American Chcmical Society, New 
York (Statler-Hilton). Nuclear Tech- 
nology subdivision of ACS’ Division 
of Industrial and Engineering Chem- 
istry will sponsor two programs: Sept. 
15, nuclear-fuel materials and chem- 
ical processing of irradiated fuels; 
Sept. 16, recovery of useful fission 
products and transuranic elements. 
Contact C. E. Stevenson, 


Argonne | 


LANDSVERK 


First Name where 


PRECISE DOSIMETRY 


is essential 
e.g., in fields of: 


®@ RADIATION AFFECTS 
© PERSONAL PROTECTION 
® LABORATORY MEASUREMENTS 


NEW CATALOG G-13A 


(now available for the asking) 





National Laboratory, P.O. Box 2528, | 


Idaho Falls, Idaho 


| Sept. 13-16—Fifth Instruments and 

Measurements Conference, Stockholm, 
Sweden (Royal Institute of Technology). 
Includes section on nuclear instru- 
mentation. Contact Helge von Koch, 
Royal Inst. of Tech., Stockholm, 70. 


tion Conference and Exhibit and 15th 
Annual Meeting of Instrument So- 
ciety of America, New York City 
(Coliseum). Contact W. H. Kush- 
nick, ISA,!313 6tl:Ave., Pittsburgh 22. 


| 
me 26-30—Fall Instrument-Automa- 


Sept. 27-30—Power Systems Conference, 
American Rocket Society, Santa 
Monica, Cal. (Miramar). Full day 
on systems for auxiliary nuclear 
power (SNAP). Sponsored by Air 
Force, Army, Navy, AEC, and 
NASA. Contact Nathan W. Snyder, 
Institute for Defense Analysis (ARPA 
div.), Universal Bldg., Washington, 
D. C. 


Oct. 3-5—Seventh Annual National 
Meeting of Professional Group on 
Nuclear Science, Institute of Radio 
Engineers. Featuring nuclear ap- 
plications of solid-state detectors and 
low-noise amplifiers. Fifty-word ab- 
stracts are due Aug. 1. Contact 
H. E. Banta, Oak Ridge National 
Laboratory, P. O. Box X, Oak Ridge, 
Tenn. 


Oct. 4-5—Symposium on Physics and 
Nondestructive Testing, Argonne Na- 
tional Laboratory, Argonne, Ill. Em- 
phasis on physical principles rather 
than on application, with special 
appeal to those working on new and 
improved techniques. Contact W. J. 
McGonnagle, ANL, 97008. Cass Ave., 
Argonne, Ill 


Oct. 12-14—Combined meeting: Fourth 
Conference on Analytical Chemistry 
in Nuclear Reactor Technology, and 
First Conference on Nuclear Reactor 
Chemistry, sponsored by Oak Ridge 
National Laboratory, to be held con- 
currently, Gatlinburg, Tenn. Ana- 


Describes: 


© NEW ROENTGEN METER 


| (condensed-R mtr.) 
| Model L-64 


¢ DOSIMETERS 
| © DIRECT READING 
| © POCKET CHAMBERS 
| © ELECTROSCOPES 
| © CHARGERS & READERS 


¢ NUCLEAR INSTRUMENTS 


Delivered from stock, complete 


service facilities 


EASTERN DISTRIBUTOR 
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P.O. BOX 415 
MOUNTAIN LAKES, N.J. 
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International Atomic Energy Agency 
Sept. 17-21—Symposium on 
Pile Research 
11-14—Sy 


ecattering ol 


Neutron 
Vienna. 
mposium on Inelastic 
Neutrons in Solids and 
Liquids Vienna 
Oct. 17-22—Symposium on 
und Treatment of Acute 


Diagnosis 
Radiation | 
Injury, Geneva 

24-27—-Symposium on Chemical 
Effects of Nuclear Transformation, 
Prague Czech 
Nov. 14-18 


Ship Propulsion 


Oct 


Nuclear 
special reference to 


Symposium on 


safety), Italy 

Dec. 5-9—Symposium on Pest Control 
by Radiation, India. On all IAEA 
meetings, contact John Burt, IAEA, 
United Nations, N. Y. 





lytical Chemistry meeting focus on | 
instrumentation and methods for de- 
termination of minor and trace com- 
ponents in fuels, coolants, moderators; 
Chemistry meeting will stress chemi- 
cal behavior of reactor materials 
rather than engineering applications. 
Contact: (for former) C. D. Susano, 
for latter) W. R. Grimes, ORNL, 
Box Y, Oak Ridge, Tenn. 


Oct. 24-26—Symposium on Medical and 
Biological Aspects of the Energies of 
Space, San Antonio, Tex. (Granada). 
Contact Jack Harmon, Southwest Re- | 

Institute, 8500 Culebra Rd., | 

Antoni 





search 


pan 


28-Dec. 2—Annual Meeting of | 
American Society of Mechanical Engi- | 
New York City (Statler-Hilton). | 
24th National Expo- 
rand Mechanical Engi- 
For ASME, con- 
Conlin, Jr., ASME, 
New York City; for 
contact I. K. Stevens, 
International Exposition Co., 480 
New York 17, N. Y. 


Nov 


neers, 
Concurrently 
sition of Pows 
neering (Col 

tact A. Bruce 
29 W. 39th St 


exhibition 


La xington Ave 


Dec. 5-8—Annu 


Rocket Societ 


il Meeting of American 
Washington, D. C. 
Unclassified session on 
clear rockets; abstracts due Aug. 15. 
yntact Frank Rom, Aeronautics and 
Administration, Lewis Re- 
21000 Brookpark Rd., 


QOnio 


Sho ehar 


Center, 


and 


Dec. 11-16—American Nuclear Society- 
Atomic Industrial Forum joint meet- 
ng, San Francisco (Mark Hopkins and 
Fairmont 12-15th Atomfair West, 
first West nuclear industrial 
exposition (Masonic Memorial Build- 
ing Contact W. Kelly Woods, Val- 
ecitos Atomic Laboratory, Pleasanton, 
Calif., for ANS program; Edwin Wig- 
gin, AIF, 3 E. 54 St., N. Y. 22, for 
Forum program; Dan Scherer, AIF, 
for Atomfair. 11-14—8th Hot Labo- 
ratory and Equipment Conference. 
Paper summaries due May 16. Con- 
tact James R. Lilienthal, Los Alamos 
Scientific Laboratory, P. O. Box 1663, 
Los Alamos, N. M. 


Coast 
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600,000 
amperes 
ale 
harness 


At the historic Geneva Atoms-For-Peace 
Conference, Los Alamos scientists un- 
veiled Scylla—a fusion device used to heat 
a plasma of ionized heavy hydrogen par- 
ticles millions of degrees by blasting it 
with a 600,000-ampere thunderbolt. 
Surrounding the heart of this thermonu- 
clear machine is a bank of low-inductance, 
energy-storage capacitors...each rated at 
100,000 volts, each capable of a 20,000 
megawatt peak surge. 

This unique installation, like others of its 
type, is the result of long experience in 


CDE 
FEDERAL 


capacitor specialization. If adherence to 
rigid specifications is a ‘must’ on your 
project—call us in to help with creative 
engineering. We invite inquiries for a 
single energy-storage capacitor or a com- 
plete energy-storage system including 
capacitors, racks, interconnecting lines, 
protective devices and charging power 


supply. 


For further technical information, write 
for Bulletin No. 191 to Cornell -Dubilier 
Electric Corporation, New Bedford, Mass. 


CORNELL-DUBILIER ELECTRONICS DIVISION 
PACIFIC 


ELECTRIC COMPANY 
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NUCLEAR 
DIVISION 


POWER REACTORS 
DESIGN and DEVELOPMENT 


Combustion Engineering’s Nuclear Division is expanding its 
activities in the design and development of high perform- 
ance pressurized and boiling water nuclear power reactor 
systems for commercial and military applications. 


Staff positions are now available to qualified nuclear, 
mechanical, electrical and chemical engineers for work in 
the following areas... 


REACTOR PLANT ENGINEERING—Design, selection and 
evaluation of power plant equipment and controls; studies 
of power plant cycles and economics; mechanical design 
and structural analysis. 


REACTOR ENGINEERING DESIGN—Thermal, hydraulic, and 
mechanical design of nuclear reactor cores including 
steady-state and dynamic analysis. 


NUCLEAR DESIGN AND ANALYSIS—Design of advanced 
reactor concepts and shielding employing high speed 
digital computers; analysis of nuclear fuel cycles. 


Located nine miles from the center of Hartford, Connecticut, the 
Nuclear Division is within short driving distance of some 50 
smaller communities. Boston and New York City are only two and 
one-half hours by car over four-lane divided expressways. Excel- 
lent housing and schools are available and New England's famous 
mountain and seashore areas are readily accessible. 


Address inquiries to: R. N. Killelea, Manager, Professional Recruiting, 
Nuclear Division, Combustion Engineering, Inc., Windsor, Connecticut. 


COMBUSTION ENGINEERING, INC. 





NUCLEAR CAMPUS 


CAMPUS FACILITIES. The Board 
of Regents, Univ. of Michigan, has 
approved a start this summer on a 
$1.1-million cyclotron laboratory; the 
40-Mev cyclotron to go into the lab 
will be purchased with AEC grant 
| funds . . . . Both Duke Univ. and the 
| Univ. of Washington have plans to in- 
stall linear accelerators on campus. 
Duke will order a 3-Mev Van de Graaff— 
its second—-for delivery next year, with 
funds available under two renewed con- 
tracts with AEC (totaling $398,000). 
Washington has scheduled acquisition 
| of a linac under an $18-million improve- 
}ment program during the school’s 
1961-63 biennium. . . . Convair div. 
of General Dynamics will build a 10-kw 
teaching reactor for Texas Technologi- 
cal College; the reactor will be located 
in a projected Nuclear Reactor and 
Chemical Engineering Building, sched- 
uled for construction within the next 
few years. . . . Northwestern, Cornell 
and Pennsylvania have been selected 
| by the Defense dept.’s Advanced Re- 
jsearch Projects Agency as sites for 





materials-research centers. ARPA is 


5s |making multi-million-dollar contribu- 


|tions to the cost of constructing the 
| centers and will make significant con- 
| tributions to operating expenses. 

| 


| 
| @California Institute of Technology 
and Georgia Tech Engineering Experi- 


/|ment Station have recently been 


awarded AEC research and/or equip- 
ment funds: Cal Tech will use most of 
a $24,000 grant to build a heat transfer 
| loop for the investigation of transfer 


| rates and in training graduate students; 


a | 


Georgia Tech, under a $99,392 con- 
tract, will conduct solid-state re- 
}search, beginning with a study of sur- 


| face properties of magnetic materials. 


| COURSES. A technical training pro- 
| gram prepared by the General Motors 
| Institute for teaching GM professional 
| people the basics of radioisotope ap- 
| plications has been made available for 
| sale through the Office of Technical 
| Services, U. S. Department of Com- 
merce. The two-volume course 
(Radioisotopes in Industry—Training 
Program) is $10. 

Taft Sanitary Engineering Center, 
Cincinnati, is offering radioactive 
pollutants in water, Nov. 7-11; radio- 
nuclides in water, Nov. 14-18; and 
| chemical analyses for water quality 
| and medical aspects of radiological 
| health, both Nov. 28—Dec. 9. 
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EMPLOYMENT OPPORTUNITIES 





ASTRA, Inc. 
A North Carolina Research Tri- IMMEDIATE OPPORTUNITIES FOR 


angle organization that provides a 
comprehensive, integrated consult- 


ing service for the development of SENIOR NUCLEAR AND MECHANICAL ENGINEERS 


peaceful application of atomic 
energy, both within the United SENIOR NUCLEAR PHYSICISTS 
States and abroad. Our services 
include: Reactor Specification and 
Design, Shielding Design, Critical- 
ity Hazards Studies, Health Phys- 
ics, Physics Engineering, Economic 
Surveys, Thermodynamics, Heat The Advanced Technology Laboratories has openings at that higher 
'ransfer, and Medical Engineering. level ($11,000 and up) for a few select nuclear engineers, me- 
VACANCIES exist from time to . ; 2s : . 
ee ? chanical engineers, and physicists for key supervisory or staff posi- 
time for qualified nuclear engi- : . ee j 7 ‘ 
tions on challenging projects. This is your chance to join a growing 


neers. Life is some times hard but . —s . 
never dull at ASTRA. Try us established organization located on the fabulous San Francisco 


ON THE SAN FRANCISCO PENINSULA 


Peninsula. 
P. O. Box 226 


Raleigh, N. C. 
STAFF ENGINEER: 


SENIOR MECHANICAL ENGINEER, 8-12 years 


experience with knowledge of nuclear reactor systems 








for 


POSITIONS and components design is desired for preparation of 


in the proposals, design studies and advanced concepts. 


NUCLEAR 
FIELD... 
SENIOR NUCLEAR ENGINEER: 
i WRITE US FIRS Tl 
\ oes COMBINED THEORETICAL AND DESIGN EN- 


No Resume Required 
GINEER, 7-10 years experience with knowledge of 


‘ 

3 Our national coverage and 

) technical experience in heat transfer, shielding, fuel cycle analysis, and core 
the nuclear field offers F cova 
the maximum opportunity 
to achieve your goals. 


design is needed. 


Confidential Handling 
Sager oyna SUPERVISORY PHYSICIST: 


Write: Arthur L. Krasnow ; AS : : er 

’ <j ° ° . . e.° 
1518 Walnut St. « Phila. 2, Pa. « PE §-4908 experience in theoretical analysis of critical reactor 
Ah GRGRNRSNS AGAR TEE ie SY Pe experiments desired. Must have ability to supervise 





physics section. 





Hallam Nuclear Power Facility 


Has O i F 
oe ee ee Please send your resume in confidence to: 


REACTOR ENGINEER Arthur Humphreys, Manager 


M.S. Nuclear Engineering or Nuclear <a P 
Physics Experience in Reactor Physics Personnel Administration 


—_ HE nee nee Calculations and Advanced Technology Laboratories 
A Division of American-Standard 


REACTOR OPERATORS 369 Whisman Road 


Experience in Power or Production 
Reactor Operation. College Educa- 
tion Not Required 


Mountain View, California 


Send Resume and Qualifications in Con- 


fence to: ADVANCED Zechaatoce LABORATORIES 


Plant Superintendent a omsion of AmERICAN-Standard 
Consumers Public Power District 
1401 “O” Street 
Lincoln, Nebraska 

















Vol. 18, No. 9 - September, 1960 





EMPLOYMENT OPPORTUNITIES 





~ ENGINEERS 
TECHNICIANS 


In connection with our ex- 
panding activities in nuclear 
power, we have opportunities 
for qualified personnel in the 
following fields: 





RADIOCHEMISTS 


To join the staff of the commercial Atomic Power Department of 
Westinghouse and take part in radiochemical studies associ- 
ated with the development of larger and more efficient com- 
mercial atomic power reactors.: 


SENIOR SCIENTIST—To plan, conduct and interpret radio- 
chemical experiments associated with induced and transported 
radioactivity in nuclear power plants; and to consult on prob- 
lems of a radio chemical nature. Must have a B.S. degree or 
Chemical Engineering degree with at least 5 years of related 
experience. 


SCIENTIST—To perform routine and complex radiochemical 
analysis. Position will require laboratory experience in instru- 
mentation techniques and analytical separation procedure. 


Must have B.S. degree in Chemistry or Physics with at least 
3 years experience. 


REACTOR SYSTEMS If you can visualize your professional growth in an atmosphere 
of scientific investigation, write to: Mr. C. S. Southard, Westing- 


—Engineers with experience in devel- , me, V ; 
opment end enclysis of nedear plont nee gy Power Division, RO. Box 355, Dept. X-29, Pitts- 


systems and components. Westi ngh ouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 


WATER CHEMISTRY 


—Chemist with specialized experience 
in water quality control for reactor 
operations. 

















CALIFORNIA 
WATER RESOURCES PROGRAM 


NUCLEAR PLANT TESTING 
—Engineers or physicists with sub- 
stantial test and start-up experience; h oe 
marine application desirable. as a key position fora 

SENIOR NUCLEAR - CHEMICAL ENGINEER 


REACTOR PHYSICS 


—Physicist experienced in application 
of nuclear physics to design and test 
of nuclear reactors. 


to take charge of chemical engineering aspects of saline water 
conversion processes and applications of nuclear energy to water 
development projects. 


Candidates must have a degree in chemical or nuclear engineer- 
ing and five years professional chemical engineering experience, 
two of which must be in the field of nuclear energy applications. 


HEALTH PHYSICS 


—Monitors, Senior & Junior. 


Salary range: $9,852 to $11,976 


NUCLEAR Send resume to: C. S . Warner, Dept. N 


STATE PERSONNEL BOARD, 801 CAPITOL AVENUE, SACRAMENTO, CALIF. 


INSTRUMENTATION 
—Extensive experience on _ reactor 


oa a ee eee © NUCLEAR OR ENGINEERING PHYSICIST 
instrumentation, including installation FOR DEVELOPMENT DEPARTMENT 


and maintenance. College degree not To be responsible for Radiation Dosimetry 
applied to Isotope Production. This position 


essential. will include the development of new or im- WHERE TO BUY 
roved measurement techniques for alpha, 


ta, gamma and neutron sources in a wide F é dditi | sila 
range of energies and activities. eaturing a itiona rodauc 
REACTOR OPERATIONS Work with a group of specialists carrying out jalti 8 d P f : 
studies in the following fields speciaities an services ior 
—Experienced operators, preferably ® Radioisotope Production Atomic Power, Nuclear Engi- 
@ Cobalt 60 and Caesium Therapy Units ; . ae 
© Gamma Irradiation Facilities neering and Applied Radiation. 
plants, criticality and start-up opera- ® Portable Neutron Sources 
< 3 5 i @ Nuclear Instrumentation 
tions; marine experience desirable, ®@ Radiography Equipment 
® Custom odes Projects 
® Specialized Consultations on Tracer Prob- 
lems, Radiation Shielding 
@ Effects of Radiation on Foods, Drugs, 
Plastics and other related areas. 


This i all i 2po y to work i 
NEW YORK SHIPBUILDING ||| 2Gasiasunmpay ice” Sppiving campo 
radiowotopes to ndustria esearch an 
CORPORATION Medical Uses. FILM BADGE SERVICE 


If you have some experience in this field, 
send inquiries to: Performed to your specifications 


CAMDEN 1, NEW JERSEY || Personnel Officer, NUCLEAR SERVICE LABORATORIES, INC. 


Atomic Energy of Canada Lid., a Rag tisk ae 
Commercial Products Division, Radiation Monitoring Specialists’’ 


Ottawa, Canada. P.O. Box 1885 Knoxville 1, Tennessee 








with experience in pressurized water 





college degree not essentiol. 


r 
ln, 
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EMPLOYMENT OPPORTUNITIES 


Nuclear Engineers and Scientists 


When the Navy’s first nuclear radar picket 
submarine surfaced after its pioneering under- 
water trip around the world, its engineroom 
log showed 41,500 trouble-free miles traversed 
in 84 days. 


For KAPL engineers and scientists who 

designed and developed Triton's unique twin 

reactor propulsion system, this invisible voy- 

age was a new triumph in nuclear engineering. 

The world’s largest submarine is powered by 

. ; ~ a KAPL pressurized water cooled system 

we, , bee : ' fueled by enriched uranium. It features com- 
een er iid ei - pact reactor cores and low weight-per-shaft 


‘ = q “ 4 rh 3 
“4 WORTH i fs, ; ; ay ine _ horsepower. 
J AMERICA S Avene? \! 


e zt “ " | e Q MILESTONE LOGGED 


KNOLLS ATOMIC POWER LABORATORY 
Pechic 


ie: | ‘ : Explorations currently underway at KAPL are 
] ; } " H ins aimed at achieving a new regime of simplifica- 
GLDBAL VOYAGE é tion in reactor technology. Qualified Nuclear 
BabaN FEB 24 Ss ‘ ie are ‘ : 
D APRIL’ 25 : Engineers and Physicists are invited to inquire 
; about current openings. 


Appropriate scientific or engineering degree 
and U.S. citizenship required. 


Address: Mr. A. J. Scipione, Dept. 48-MI 





NUCLEAR ENGINEERS 


Several years experience in reactor physics. N U C L EA b 4 U 3 : e + e A T 


Excellent salaries 





Nuclear Technology Corporation 


teviagton, ‘ow York One of the advanced concepts that 


BENDIX DOSIMETER GENERAL NUCLEAR ENGINEERING CORPORATION 


DEALERSHIPS AVAILABLE . . . . . . 
Many U.S. Territories S#ill Open is developing for construction in the immediate future 
WRITE FOR DETAILS 


ATOMIC ACCESSORIES INC. 


Graduate Engineers and Physicists with reactor design 
811 W. Merrick Rd. Valley Stream, N.Y. . : . : : 

CUrtis. 5-9300 experience will find stimulating and rewarding op- 
portunities in these boiling-superheating reactors, in 
gas-cooled reactors, and in other practical advanced 
concepts at General Nuclear. 

















PROFESSIONAL 
SERVICES 


Positions are also open for new graduates. Work in 
small design and development groups of broad scope 
gives maximum opportunity for advancement and for 
professional development. 


" 


Hts. cautlll 





ASTRA, Inc. 


For Your Atomic Energy Problems Send resumes to: L. C. Furney 
Nuclear Analyses. Reactor Specifications and — — r r + 
Designs, Radiation Shielding Design and Anal- GENERAL NUCLEAR ENGINEERING CORP. 
ysis. Criticality gearés ay oe oe 
namics and Heat Transfer Analysis, Facilities adj , ; 
Planning, Health Physics Dune din, Florida 
P. O. Box 226 Raleigh, North Carolina 
VAnce 8-4386 CABLE: *‘ASTRA"’ 








NUCLEAR TECHNOLOGY CORPORATION PHYSICIST SENIOR STAFF SCIENTIST 
Consultants to the Nuclear Industry With experience in application of advanced SALARY: $15,000 TO $18,000 PER —".. 
Reactor conceptual design, reactor physics, radioactivity instrumentation; some facility in A large R&D division of a major Corp 
heat transfer and fluid flow, shielding, reactor electronics; for research laboratory of U. S sires a mathematician with a M.S. or PHD. 
mechanical design, hazards evaluation, nuclear Atomic Energy Commission in Boston suburban Will conduct research in various branches of 
economics, reactor evaluation, computer tech- area. B.S. required. Please send resume to systems analysis and do research work on 
niques Techaleel Bisociér satepentent basis. Company client assumes 
President, Joseph De Felice WINCHESTER LABORATORY Se Se 


Liviation, Mow You LYric 1-8820 P.O. BOX 151 © WINCHESTER, MASS son tim ee ee o hae 


ol. 18, No. 9 - September, 1960 153 
































VOLTAGE 
HGH QUALITY 
RELIABILITY 
25 KV-200 MA 
HIGH CURRENT POWER SUPPLY ["o*] 


Designed and constructed for reliable 
operation, Model PSC 25-200-2 Power 
Supply may be used for many research 
and industrial applications. 


* Fully protected * Fully instrumented 

* Self-contained * Mobile unit 

* Input 208 V, 3-phase, 60 cycle 

* Reversible polarity 

* No exposed high voltage components 

* Many other features Model PSC 25-200-2 
Standard Power Supplies and Transformers available from stock. Others can be 
built to your specific requirements. 


For further information write today to Dept. N 


DEL evectronics corporation 


‘$21 HOMESTEAD AVENUE « MOUNT VERNON, N.Y.» OWENS 9-2000 














ee ee ee 


CURRENT INDICATOR 
AND INTEGRATOR 


MODEL A309A 


DID YOU START MANUFAC- 
TURE OF NUCLEAR PROD- 
UCTS TOO LATE TO BE 
LISTED IN LAST YEAR’S 
NUCLEONICS BUYERS’ 
GUIDE? 


TWO Instruments in ONE! 


. Measures currents from 1 milliampere to 
3 milli-microamperes. 


i 

i 

| 

i 

i 

i 

i 

| 

i Then write today for a question- 
' 

. Integrates input current and registers ; firm's nuclear products, materials, 

i 
§ 
7 
i 
i 
1 
i] 
| 
| 
| 
3 
} 


naire to make certain that your 


accumulated charge. 

Wide current range: 1 x 10-3 to 3 x 
10-9 amp. in 12 switch settings. 
High accuracy: 1% of full scale. 
Internal calibrating current source to 
check proper operation. 

Front pane! switch allowsinstrument to 
be used with current of either polarity. 
Pre-setting feature provides means of 
Safeguarding against overexposure. 
Developed especially for use with Van 
de Graaff and other h.v. accelerators. 
Permits many experiments with par- 
ticle accelerators that would otherwise 
be extremely difficult if not impossible. 
Register readout gives digital accu- 
racy on charge measurement. 


services will be included in the 
November, 1960 issue. Send us 
the name of the expert who can 
properly categorize products with 
nuclear applications, his title and 
address. Questionnaires will be 
mailed in the near future. They 
must be filled in and returned 
according to instructions by Sep- 
tember Ist to get free listings. 


NUCLEONICS 


A McGraw-Hill Publication 
330 West 42nd St., 
New York 36, N. Y. 


For complete tech. data, write to: 


ni 


25 W. BROAD ST., FALLS CHURCH, VA 


ELECTRON C RESEARCH » DEVELOPMENT © MANUFACTURING 
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with LINDE RARE GASES 


MONATOMIC 
DIATOMIC 
RADIOACTIVE 
SPECIAL MIXTURES’: 
COMBINATIONS: 


Bs oe 


All LINDE atmospheric gases are 
produced under continuous Mass 
Spectrometer Control — offering the 
highest possible purity for nuclear 
processes. 

Huge production facilities and a 
widespread distribution system make 
it possible for LINDE to supply large 
quantities of these gases and mix- 
tures throughout the country— in 
bulbs, cylinders, or liquids via trucks. 
These unique capabilities are the re- 
sult of SOyears of pioneering research 
and development work in rare gases 
and their behavior. 

LINDE gases serve as refrigerants, 
aid in radiation detection, and effec- 
tively shield materials and equipment. 
In reactor assemblies, they serve as 
purge gases, assist in heat transfer 
and fuel element processing, and pro- 
tect EBR-type reactor piles. In instru- 
mentation they are used as fill-gases, 
insulation for high-voltage terminals, 
and in gaseous scintillation counters 
and radiation intensity measuring 
devices. 

For complete data on gases, write 
for a copy of F-1002C, “Linde High 


Purity Gases.” Address Dept. VU -v9, 


Linde Company, Division of Union 
Carbide Corporation, 30 East 42nd 
Street, New York 17, N. Y. in Can- 
ada: Linde Company, Division of 
Union Carbide Canada Limited, 
Montreal 7. 
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Nuclear research in action: 


Portable reactor for 
AEC's tour to South America 


ic Energy Commission’s Atoms at Work exhibi- 
to the public at the Argentine Sesquicentennial 
Buenos Aires in November, a major attraction 
-ed-built nuclear reactor. It is a relatively 
ning reactor capable of performing a wide 

ts and demonstrations. The entire reactor 


ves, instrumentation system, and console 


) compact units for easy shipment. This is 


ictor that has been spec ifically designed 


a 
ly and disassembly. Buenos Aires is 
*s extended tour of South America. 

» \. E., Atlanta 5. 








LOCKHEED 


NUCLEAR PRODUCT 


KHEED AIRCRAFT CORPORATION 


A V DN 
MARIETTA. ATLAN 


Today’s growing interest in higher and higher tempera- 
ture reactor concepts has increased the critical demand 
for specialized structural materials. National Carbon 
Company’s current development work has proved that 
10’ long tubular graphite can be produced with a helium 
admiftance of 10-7 cm?/sec. STP (standard temperature 
and pressure). Actually, experimental work in the labora- 
tory has produced graphite with lower permeability. 

This fully graphitized material has been processed at 
temperatures well over 2500 C. Low permeability is 
achieved throughout the material and is not just a 
result of a surface condition. 

Presently, irradiation results are most encouraging. Spe- 


Nationai’’ and ‘‘Union Carbide"’ are 
regist red trade-marks for pr ducts 





rat iteme (ohio Mela MSI ol-tiate Mel aal lil) (e1(-to MM Mal-1e-Mele-Milaceleller 
tions in process of graphite matrix fuel bodies encapsu- 
lated in this low permeability graphite. Fission product 
release data are being determined. 

While considerable effort is still required to reduce 
manufacturing time, National Carbon Company, through 
its research, development and production departments 
is working towards satisfying the nuclear industry’s special 
requirements for graphite. National Carbon Company, 
Division of Union Carbide Corporation, 270 Park Avenue, 
New York 17, N.Y. In Canada: Union Carbide Canada 
Wiialhize Ma kelaclalion 
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